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ABSTRACT 


Two experiments were conducted to study the effects of 
supplementing swine diets with 0, 125 or 200 ppm copper to 
either 40 kg liveweight or a market weight of 77 kg. 

In Experiment 1, 76 pigs, 38 each of ailts and barrows, were 
fed isocaloric, isonitrogenous diets with protein supplements of 
either soybean meal (SBM), low glucosinolate rapeseed meal (RSM), 
from Brassica napus cultivar Bronowski rapeseed, or a combination 
of SBM and RSM. Each dietary treatment was further supplemented 
with either 0, 125 or 200 ppm copper. Supplemental iron and 
mancanese, with or without copper supplements, were aiso included 
in some dietary treatments. In Exneriment 2, 48 pigs equalized 
as to sex, were fed protein and copper supplements similar to 
those fed in Experiment 1, except that RSM from B. campestris seed 
was used. Some of the diets supplemented with 200 ppm copper were 
further supplemented with 200 ppm zinc. 

In Experiment 1, feed intake and efficiency of feed utilization 
were not sianificantly influenced by levels of copper or by source of 
protein. Rate of gain averaged 0.66 kg per day for pigs fed 200 ppm 
copper throughout which was superior, though not significantly, 
to that of any other treatment, suggesting an advantage to using 
200 ppm dietary copper compared with 0 or 125 ppm copper and of 


keeping the 200 ppm copper in the diet to market weight. 
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Supplemental iron and manganese had no significant influence on 
results. Source of protein had no influence on rate of gain 
suggesting that a low glucosinolate RSM could replace SBM on an 
isonitrogenous and isocaloric basis. In Experiment 2, feed intake, 
rate of gain and efficiency of feed utilization were not significantly 
affected by supplemental copper or copper and zinc, protein source 
or sex. 

Digestion coefficients were not significantly affected by 
copper supplements, protein source or sex in the two experiments. 

In Experiment 1, pias receiving dietary copper had lower backfat 
thickness than pigs receiving 0 level supplemental copper. Dressing 
percentage and loin area were slightly increased by dietary copper in 
the two experiments. Carcass characteristics were not significantly 
influenced by source of protein or sex. 

Copper concentrations in the liver and kidney increased with 
increase in dietary copper levels. Reductions in liver and kidney 
copper concentrations were brought about by withdrawing copper 
Supplementation at 40 ka liveweight or by supplemental zinc. Dietary 
jron and manganese did not influence the liver and kidney copper 
Stores. Muscle and fat copper levels were not influenced by 
dietary copper, iron and manganese or zinc. 

The proportions of unsaturated fatty acids were higher in the 
depot fat of pigs receiving copper supplementation or RSM compared 


with those receiving no copper supplement or those fed SBM respectively. 
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Copper transport in the body 
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INTRODUCTION 


It has been well established that copper is essential for 
the normal growth, development and functioning of plants and 
animals. Diets composed of normal feedstuffs seldom contain less 
than 5 ppm of copper, a level considered adequate in terms of | 
copper requirements of the pig (NAS-NRC, 1968). Beyond the suckling 
stage therefore, there is little likelihood of true copper 
deficiency being encountered. Indeed, supplementation of most 
livestock and human diets is not considered necessary and if 
practiced may result in toxicity. 

The pig can tolerate and often respond to high level copper 
supplementation of the diet. The response, when it occurs, iS 
manifested by improved average daily gain and feed conversion 
(Braude, 1965). Copper supplementation is usually accompanied 
by high concentrations of copper in liver and kidney. Contradictory 
reports exist in the literature regarding the related effects of 
copper, zinc, iron and manganese on performance and copper stores 
of pigs. Increasing the dietary level of zinc above that found 
in normal diets has been shown to decrease the amount of copper 


stored in the livers of pigs (Allen et al., 1958; O'Hara, Newman 
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and Jackson, 1960; Hanrahan and O'Grady, 1968). However, other 
workers have not been able to reduce the copper stores of rats 

and pigs by increasing dietary zinc (Kulwich eta) <5. 1953;Cox 

and Hale, 1962; Kinnamon, 1966; Gipp, Pond and Smith, 1967). 

Also high dietary levels of iron have been shown to reduce liver 
copper stores in pigs fed excess copper (Kainski et al., 1967). 
There is no single explanation for the varied responses of pigs to 
the addition of supplemental zinc and iron to copper-supplemented 
diets. 

From the results of more than a decade of active research on 
the value of rapeseed meal (RSM) as a protein supplement in swine 
rations, a maximum level of 5% RSM of the types now available 
commercially has been recommended to be fed to starting, growing and 
finishing pigs (Bowland et al., 1966). Higher levels are not 
recommended because rapeseed contains an enzyme, myrosinase, which 
can hydrolyze the glucosinolates present in the seed to compounds 
potentially harmful to animals. In view of the fact that new 
varieties of rapeseed, low in glucosinolate levels, will be 
commercially available in Canada within the next few years, 
studies to compare the relative values of Jow alucosinolate RSM 
and standard RSM with soybean meal (SBM) are desirable. 

The present studies were undertaken between March, 1971, and 
January, 1973, to obtain further information on the effects of 
copper supplementation on the growth performance, carcass 


characteristics and the depot fat composition of pias; to examine 
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the related effects of copper, zinc, iron and manganese on 
performance and copper stores of pigs and to evaluate two types 


of RSM as partial or full replacements for SBM in the diets of 


market pias. 
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LITERATURE REVIEW 


BACKGROUND INFORMATION 


The first report that supplementation of diets with copper 
sulfate improved growth rate in pigs was that of Evvard, Nelson 
and Sewell (1928), but very little attention was given to this 
report until Braude (1945) described how pigs chewed copper rings 
which were a part of the structure of their piggery. To test whether 
this apparent craving for copner reflected a dietary deficiency, 
8 and 14 week-old pias were fed a basal diet containing about 5 ppm 
of copper and some were given a daily supplement cf 50 mg copper 
in the form of copper sulfate solution, poured on their rations. 
During the first eight weeks of one experiment, the addition of 
copper improved both rate of gain and efficiency of food conversion 
by about 8%, but data from the second experiment did not confirm 
this. Braude (1948) later reported that weaned pigs given a choice 
of mineral licks preferred those containing copper. In another 
trial, two pigs ate greater amounts of a meal mixture when it 
contained copper sulfate to supply 675 ppm copper. 

Mitchell (1953) offered six litters, consisting of 55 pias, 


free choice access to two creep-feed tyne diets. The basal diet 
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contained 10 ppm copper while the second was supplemented with 
copper (as CuSO, .5H,0) to a level of 150 ppm. Feed consumption of 
the two diets was measured from two weeks of age until weaning at 
eight weeks of age. During the six week period the pias consumed 
54.4 kg of the basal diet and 161.0 ka of the copper supplemented 
diet. He concluded that the diet containing 150 ppm Cu was more 
palatable. A later experiment involving 300 pias and the same 
level (150 ppm) of dietary copper supplementation failed to 


confirm this observation (Barber et al., 1955a). 


EFFECTS OF COPPER SUPPLEMENTATION ON LIVE PERFORMANCE 


A suggested growth promoting property of copper was 
presented by Barber et al. (1955b) who studied the effects of 
a commercial naneen mixture XF containing 4% copper sulfate, 
added at a dietary level of 2.5% to supply 250 ppm Cu, to a ration 
fed to scaie to weanling pigs for a period of eight weeks. While 
there were no statistical differences in weight gains; feed consumption 
and efficiency of feed utilization were improved for those pigs 
receiving the supplement. In order to substantiate these findings, 
Bowler et al. (1955) carried out a field trial in which eight 
centers cooperated. At four of the centers two replicates of the 
test were run. The overall result of the twelve replicates showed 
a statistically significant improvement in the growth rate and a 
TGReS TERT TCR EL Eedet in feed conversion efficiency when the 


mineral mixture containing copper was included in the diet. Mineral 
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Supplement studies of swine rations at The University of Alberta 
in 1954 (Bowland, 1954). involving supplemental copper, manganese, 
cobalt, iron, magnesium and zinc fed individually or as a mineral 
mixture did not indicate any significant benefit in rate of gain 
or efficiency of feed utilization of the experimental animals 
receiving the supplemental minerals. 

Lucas and Calder (1957) reported improved rate of gain and 
efficiency of feed conversion during the growing period from 20.0 
to 47.3 kg in pigs fed diets supplemented with copper at a level 
of 250 ppm; however, between 45.5 and 91.0 ka no significant 
differences in these two parameters were founc. Lucas et al. 
(1961) observed that the overall effect of copper on rate of gain 
and efficiency of feed conversion to market weignt is a reflection 
of its effect during the growing period. Barber et al. (1957) 
reported that copper supplementation of diets fed to fattening 
pigs resulted in a non-significant increase in feed consumption 
but a significant increase in daily rate of gain. 

This response in daily gain has been confirmed in many 
subsequent experiments (Hawbaker et al., 1961; Fagan et al., 
1961; Bellis, 1961). In a large-scale coordinated trial, Braude 
et al (1962) recorded an improvement of 9.7% in growth rate and 
7.9% in the efficiency of feed conversion when 0.1% copper sulfate 
was added to diets, Lucas (1964) noted that when pigs were fed to 
a scale based on liveweight, as is done in Europe, the major 


response to copper supplementation was prior to 45.5 kg liveweight; 


4 ‘a a = Wnhnae 
arrpdin Ye. vat erowlyi itt de ght. oNDyIRl 44 iluate A 
-eptuinhrss inecuae fe inawetaans oatbvfount fREOT* ate 
(orentn cen ro 4lingh! urge. bah SHER: tts Hpi ot 
atan Yo adpy ni Sitohed mane? tage. vin Sp eert is on ne 
atamtiia wa art - We “Add nortest tf 40 haat 10 const 
a elt venti refanne "eae! erty: pietieh 
han wied Yt avon evar? bores. C1408) eb ie Bis essed a 
6.02 mon? Hat ciwearw of prraun ‘not evavdaa hyesay” 7” ene? VE | 
faust 5°9e wanon tat pedabmel aug edath hah apty at oo fhe | 
sept? toot se on RAO Te bag ayes eaves ad Tevovind nan eas to. / 
Me 44: onside. mies ora wrodainay ar Ont Seek Wt 2 iq i 
abew tre aber no “eaten ry 4tt= bhai on) teri? bata etto (ree 5 
avitasl tor ser Ir into via of wor eyed ont bai) wanerar ne om: r 
(Veet). Tei de yada » both a rote “tit apvirap esatity aif a 
mitnettet. et be? efe7p ¥o iptiearepetonar. ae baie bes vom 
net Panire 102 Hest nh szesiaot gheg tt thekennan:s mw bel ueer ay 4 
| Cate eT ad's LM ek gasnvant Spat apie s 1d 
tae at wernt Fo Hast 26 lie Vite wt senaqes seid 


«48 38 haps cFASE . Jie te vabteduell)\ etremintehxs sosupatue 
“hal baa" Sagan bsgoy apeide-Hntsa! 5 wi i fyeh abr ran® ele 
bo Shan Niemen ble ar e ie Snspantesete Me bobyrooun (soer): a | 


Pas 


vs rics “21.0 nit airetavacs heal ta oars ang aR ¢ 

wy, now Suet Seton caper) e650) ath at oi 

* oti ate isqorwii nv ¢a@b 2% et mw a 

scam tics akc hte at anttnitrsi 
or. 


“y - | | | “4, eo 
| Pox 


however, if pigs were fed ad libitum, as iS the practice in 
North America, responses also occurred between 45.5 and 91 kg 
liveweight. The latter response was related to increased feed 
intake. A series of studies conducted at The University of 
Alberta (Bowland, 1963) indicated that growing pigs responded 
more dramatically to copper or antibiotic supplementation of 

the diets prior to 34 kg liveweight than between 34 kg and 90 kg 
liveweight. 

More recent observations (Castell and Bowland, 1968a; 
Hanrahan and O'Grady, 1968; Kline et al., 1971, 1972; DeGoey et 
al., 1971) agree with the earlier reports. Drouliscos et al. 
(1970) reported an improvement of 12% in growth rate of pigs fed 
fishmeal diets supplemented with 250 ppm copper. Braude (1965, 
1967) has published extensive reviews of literature on the effects 
of copper on bien daily gain and efficiency of feed conversion. 
All trials reported in the literature up to mid-1965, in which 
the performance of growing pigs receiving supplemental copper at 
a level of 250 ppm was directly compared with that of similar 
control animals, were summarized. This involved 83 trials and 
a total of 1215 pigs per treatment. Copper supplementation resulted 
in an overall improvement of 8.1% for growth rate and an overall 
improvement of 5.4% for feed conversion. A similar compilation 
of experiments involving copper supplementation in the U.S.A. was 
made by Wallace (1967). From his calculation, he observed that 


baby pias or early weaned pigs respond to copper feeding in a 
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dramatic way. The average percent response in daily gain was 
22.1% and in feed conversion 8.3%. In only three of the 43 
comparisons did copper fail to improve weight gain. In only five 
of the 43 comparisons did copper fail to improve feed conversion. 
Growing pigs responded +6.5% in aain and +2.3% in feed conversion, 
while growina-finishing pias responded +3.6% in weiaht gain and 
+1.1% in feed conversion. 

Failure to obtain response to copper supplementation has 
been documented in more recent studies by Pond and Smith (1967), 


Bekaert et al. (1967) and Livingstone and Livingston (1968). 


EFFECTS OF COPPER SUPPLEMENTATION ON CARCASS CHARACTERISTICS 


In his review of literature, Braude (1965) concluded that 
the majority of reports concerned with copper supplementation of 
Swine diets had indicated no adverse effects on carcass quality; 
however, a few reports had classified the occurrence of soft carcass 
fat attributable to dietary copper supplementation as a less 
favorable quality. 

The observed effects of dietary copper supplementation on 
dressing percentage, backfat thickness and carcass length have been 
extremely variable. Allen et al. (1958, 1961) and Barber evedi. 
(1961b) reported a significant increase in dressing percentage when 
diets were supplemented with copper sulfate. Barber et al. 


(1960a) noted an increase in dressing percentage in one experiment 
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but failed to confirm it subsequently. Castell and Bowland (1968a) 
reported an increase in dressing percentage in one experiment but 
in another experiment, a decrease in dressing percentage was 
observed. DeGoey et al. (1971) observed a slightly reduced 
dressing percentage for pigs fed supplemental copper. Feeding 
pigs supplemental copper as copper sulfate has recently been 
observed to result in a non-significant higher dressing percentage 
as compared with control animals (Myres et al., 1972). Wallace 
et al. (1966b) have earlier observed that copper supplementation 
did not sianificantly affect dressing percentage. 

Barber et al. (1960a), Barber et al. (1961a) and Bekaert 
et al. (1967) paneried that copper supplementation of the diet 
tended to decrease carcass length. Barber et al. (1961b) and 
Wallace et al. (1966b) reported that dietary copper supplementation 
did not significantly affect carcass length. Castel] and Bowland 
(1968a) and DeGoey et al. (1971) observed a aeneral tendency for 
pigs that received supplemental copper to have shorter carcasses. 

Results presented by Barber et al. (1961a) and Allen et al. 
(1961) indicated that copper supplementation of the diet may 
increase backfat thickness of market pigs, but other investiaators, 
Barber et al. (1960a, 1961b), Wallace et al. (1966b), Bekaert et al. 
(1967), Castell and Bowland (1968a) and Myres et al. (1972) failed 
to confirm this observation. DeGoey et al. (1971) observed a 
Significant reduction in backfat thickness when supplemental copper 


was fed. 
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It has been generally observed that an increase in loin eye 
area results when pigs are fed diets supplemented with copper 
(Braude et al., 1962; Lucas et al., 1962; Castell and Bowland, 
1968a and DeGoey et al. 1971). 

Reports have appeared in the literature indicatina that 
dietary copper supplements may influence porcine fat composition. 
Taylor and Thomke (1964) and Thomke and Taylor (1964) reported 
that the supplementation of diets fed to market pigs with 250 ppm 
copper resulted in a small but significant increase in the 
jodine number of the backfat. Bowland and Castell (1965) 
reported a greater incidence of soft fat in pigs fed copper 
supplemented diets. Bekaert et al. (1967) reported a similar 
trend. They observed a significant decrease in the percentage 
of stearic acid and a significant increase in the percentage of 
oleic acid present in the backfat of pigs fed copper supplemented 
diets as compared with control animals. Moore et al. (1968) 
reported that supplementation of pig diets with 250 ppm copper 
resulted in a slight increase in the percentage of 18:1 (oleic 
acid) and a slight decrease in the percentage of 18:0 (stearic 
acid) present in the backfat, with no change in the concentration 
of other constituent acids. There was also a 10°C decrease in the 
meltina point of the backfat of pigs fed supplemental copper as 
compared with the control animals. Christie and Moore (1969) 


reported a lower melting point for backfat of pigs fed supplementary 
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copper. Higher amounts of unsaturated fatty acids have been 
found in the backfat of pigs fed supplementary copper (Elliot and 


Bowland, 1968, 1970). 


SUPPLEMENTAL FORM OF COPPER 


The most common form in which copper is added to swine 
diets is as copper sulfate (CuSO, -5H,0). In an experiment to 
determine whether the copper (Cu++) or the sulfate (SO, ) radical 
was responsible for improvement in hog performance, Hawbaker et 
al. (1959) fed three diets, basal, basal + Na,SOq or basal + CuCl,,. 
The pigs fed the diet supplemented with Na5S0, grew at a slower 
rate and had a poorer efficiency of feed conversion than those 
fed the control diet, while those fed the diet supplemented with 
CuCl. grew faster and had a better feed conversion rate than the 
control animals. They concluded that the Cu++ radical was the 
factor responsible for improved performance. 

Lucas et al. (1961) supplemented diets with CuSO, °5H,0 in both 
a commercial and a highly purified form. Similar effects on rate 
of gain and efficiency of feed conversion were observed regardless 
of purity of the copper sulfate employed. They concluded that the 
effect was due to the copper radical and not to impurities in 
commercial grade copper sulfate. 

Several forms of copper: copper sulfate (CuS0,*5H,0) ,copper 


chloride (CuCl,), copper sulfide (CuS), copper oxide (Cu0), copper 
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carbonate (CuC0.) and copper metnionine have been used as 
Supplements in practical swine diets. Early studies with rats 
have shown that anemic rats were unable to use the copper of 
copper sulfide or copper porphyrin, whereas the oxide, hydroxide, 
iodide, qlutamate, alycerophosphate, aspartate, citrate, 
nucleinate, and pyrophosphate were readily utilized (Schultze et 
al., 1936). Barber et al. (1960b) and Barber et al. (1961a) 
reported that supplemental copper supplied as CuSO, °5H50 resulted 
in significant response in rate of again and feed conversion in 
pigs while there was no response observed when the supplement was 
supplied as CuS. Bowland et al. (1961) indicated that pigs 
absorb copper from cupric sulfide much less efficiently than that 
from cupric sulfate. Bunch et al. (1964, 1965) reported that 
copper in the form of CuS9,°5H,0, CuC0., or Cu-methionine when 
added to pig diets resulted in significantly faster and more 
efficient gains than were obtained from diets without supplemental 
copper. 

It is clear that copper in several salt forms can be 
effective in promoting gain in pigs. There is, however, a reason 
for the common usage of CuSO, -5SH,0. Braude (1965) recommended 
that copper sulfate be used in preference to other copper salts 
because the compound has a bitter taste and pias will refuse 
to consume rations containing copper in this form at dangerously 


high levels. 
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LEVEL OF COPPER 


Numerous experiments have been conducted to determine the 
level of dietary copper supplementation required to give optimum 
response. Levels of supplemental copper used in such experiments 
have ranged from 0 to 1250 ppm. Maximum performance has been 
associated consistently with 200 to 250 ppm supplemental copper 
(Barber et al., 1957; Hawbaker et al., 1959, 1961; Bunch et al., 
1960, 1961, 1964, 1965; Wallace et al., 1966; Castell and Bowland, 
Poca, ~veGoey el al seto7 isp and Kline eteal-, 1971, W972}. In 
a recent study by Braude et al., (1970) three levels of 
supplemental copper: 170, 210 and 250 ppm were compared. No 
Significant differences were reported in performance of pigs 
receiving copper at the different levels. In a review by Wallace 
(1967), he suggested that the most appropriate level of supplemental 
copper to feed is probably not less than 125 ppm and not more than 


250 ppm. 


COPPER METABOLISM 


(a) Absorption 

Following oral administration of radioactive copper to humans, 
the activity appears very rapidly in the blood (Bush et al., 1955). 
These workers concluded that this observation seemed to suggest 
that copper absorption occurs in the stomach or the upper small 


intestine or both in man. Thompsett (1940) earlier reported that 
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copper absorption takes place in the duodenum in man, while Sacks 
ei ali (1943) showed that copper was absorbed mainly from the upper 
jejunum in dogs. In pigs, Bowland et al. (1961) using cue 
observed that the principal sites of copper absorption are the 
small intestine and colon. However, the very rapid appearance 

of labelled copper in the urine suagested some absorption from the 
stomach. In rats, the stomach and, to a lesser extent, the 
duodenum are the major sites of absorption (Van Campen and 
Mitchell, 1965). Starcher (1969) indicated that the absorption 
site for copper in chicks is the duodenum. It has been reported 
that acid conditions favor copper absorption (Underwood, 1971); 
this could probably explain why the stomach and upper smal] 
intestine are the main absorptive sites since acid conditions do 
occur in these segments of gastrointestinal tract. 

There is eee! information on the mechanism of absorption 
of copper. Studies with mice by Gitlin et al. (1960) have 
indicated that two mechanisms may be invoived in copper absorption: 
one which follows first-order kinetics and the other an enzymatic 
process. Using an in vitro technique, Crampton et al. (1964) 
were unable to show increased absorption of copper above a 
concentration of 1 ppm. This observation does not support the 
first-order kinetics portion of the hypothesis. A copper-binding 
protein has been demonstrated by Starcher (1969) in the mucosal 
cells of the duodenum of the chick which may play a role in 


copper absorption in this species. 
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Studies have shown that the amount of copper absorbed can be 
profoundly affected by other dietary factors and the chemical 
form, level and combinations of copper ingested. Using the changes 
in copper concentration in the liver or blood as a measure of 
relative absorption, it has been reported that type and level of 
protein in the diet (Beames and Lloyd, 1965; Combs ety oa 960; 
O'Donovan et al., 1966; Hanrahan and O'Grady, 1968), levels of 
other minerals notably molybdenum, zinc and cadmium (Kulwich 
ethods. 4 19535 ren etal 195os Muller et ial. 5 1959; Banben, 
Braude and Mitchell, 1960; Suttle and Mills, 1966; Van Campen, 
1969; DeGoey: et al o..197153-Klines Hays and Cromwell, 1971, 1972), 
the level of copper (Bass Ciaiew ml 9o6subucasvand Galder, 1957s 
Ullrey et al., 1960; Allen et al., 1961; Braude et al., 1970) 
or form of copper (Barber et al., 1965; Van Campen, 1966; Van 
Campen and Scaife, 1967; Whanger and Weswig, 1971) can influence 
the assimilation of copper from the diet. 

In normal human subjects, according to calculations of 
Cartwright and Wintrobe (1964), copper given by stomach tube was 
better absorbed than dietary copper to the extent of 30 percent. 
Even under optimum conditions, it has been shown that only 2 to 
10 percent of the ingested copper is absorbed and retained by the 
pig (Bowland et al., 1961). 

Little is known of the chemical forms in which copper exists 
in feedstuffs. Changes in these forms affecting availability must 


occur because fresh herbage is significantly less effective in 
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promoting body copper stores than hay or dried herbage of equivalent 
total copper content (Hartman and Bosman, 1970). In pasture 
herbage, much of the copper exists in bound form as water soluble 
Organic complexes. Aqueous extracts of fresh herbage have been 
shown by Mills (1955) to contain a small proportion of their 

copper as free ions or as positively charged complexes. The 

greater part exists in the form of neutral or negatively charged 
complexes. When fed to copper-deficient rats these complexes 

induce a more rapid response, and greater liver copper storage, than 
does the feeding of equivalent amounts of copper as copper sulfate. 
As an outcome of these studies, Mills suggested that copper may 

be transported through the intestinal mucosa both as ionic copper 
and in the form of complexes such as those encountered in herbage. 
Seeleman and Baudissin (1954), (cited by Mills, 1955) observed that 
the sodium salt of a copper-allylthioureabenzoic Pead complex is 
more effective in stimulating growth and hematopoiesis in the 
rabbit than is inorganic copper. Similar observations were later 
made by Kirchgessner and Wesser (1965) and Kirchgessner and 


Grassman (1970). 


(b) Copper Transport in the Body 

A schematic representation of the major metabolic pathways of 
copper in the body (Cartwright and Wintrobe, 1964; and Dowdy, 1969) 
is presented in Figure 1. From the intestine, copper moves into 


blood serum. In mammals, serum copper can be generally divided 
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Fig. 1. Copper transport in the body 
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into two forms: a) direct-reacting copper (because it reacts 
directly in the serum with sodium diethyldithiocarbamate, a copper 
chelator); and b) indirect-reacting copper (because it will not 
react directly with the carbamate reagent). Radiocopper given 
orally appears rapidly in the direct reacting fraction and is 
believed to be associated with albumin (Bearn and Kunkel, 1954; 
Cartwright and Wintrobe, 1964). Later work by Neumann and 
Sass-Kortsak (1967) suggests that a small portion of the direct- 
reacting serum copper is bound to various amino acids. About two 
hours following oral dosage with radiocopper, peak activity in the 
direct reacting fraction is reached, followed by a rather precipito 
decline in serum activity. Subsequently, serum radioactivity 
again increases, this time appearing in the indirect-reacting 
copper fraction which is believed to be, exclusively, the copper 
protein ceruloplasmin (Holmberg and Laurell, 1948; ppuiand eG al. 
1961; and Neumann and Sass-Kortsak, 1967). When equilibrium is 
reached, about 93% of serum copper is in ceruloplasmin and 7% in 
the albumin- and amino acid-bound fractions (Neumann and Sass- 
-Kortsak, 1967; and Dowdy, 1969). Gubler et al. (1953), using 
normal human subjects, reported that albumin-bound copper is the 
transport fraction in human system. Sternlieb et al. (1961) 
demonstrated that copper bound to ceruloplasmin is not exchangeable 
with ionic copper in vivo and is released only when the protein 
molecule is catabolized. The amino acid-bound fraction is thought 


to be involved with the movement of copper through membranes 
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(Dowdy, 1969). Evidene Supporting this contention is that amino 
acids added in vitro facilitated copper uptake by liver slices 
under aerobic conditions (Harris and Sass-Kortsak, 1967). 

From the blood, absorbed copper is widely distributed to the 
tissues but appears to accumulate mainly in the parenchymal cells 
of the liver and kidney. Many investigators, including Allen et al. 
(1958), O'Hara et al. (1960), Wallace et al. (1966b), Castell and 
Bowland (1968b) and Kine etal. (19/2) Nave observed that’ liver is 
the major organ for copper storage. At least three important copper 
functions are associated with the liver: a) storage, b) ceruloplasmin 
synthesis (Owen and Hazelria, 1966), and c) preparation of the metal 


for biliary excretion (Hazelria and Owen, 1966). 


(c) Copper Excretion 

Biliary copper is emptied back into the feeeeeinte and is 
excreted as fecal copper. In fact the main route for excretion of 
absorbed copper is through the bile. In pigs, Bowland et al. 
(1961) have calculated that the bile could account for up to 40% 
of the total amount of copper excreted in the feces, while 
Cartwright and VWintrobe (1964) indicated a value of 80% biliary 
excretion of copper in human subjects. In their calculation, 
16% of absorbed copper is emptied back into the intestine through 
the gut wall and only about 4% is excreted in the urine. Mahoney 
et al. (1955) indicated that pigs under normal conditions excrete 


only small quantities of copper via the kidneys or intestinal wall. 
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(d) Metabolic Role of Copper 
Copper has various roles in the body, each probably related 


to some catalytic function. One of the first recoanized functions 


20 


of copper was in relation to hemoglobin formation (Hart et al., 1928). 


Despite an adequate supply of iron, copper is required to prevent 
anemia. At least three obvious possibilities are apparent fcr the 
role of copper in hematopoiesis. First, copper could facilitate 
iron absorption. Second, copper could be stimulatory to the 
enzymes in the heme or globin biosynthetic pathway(s) or both. 
Third, copper could be involved in the mobilization of stored iron, 
preparative to the incorporation of iron into the hemoglobin 
molecule (Dowdy, 1969). Data concerning the role of copper in 

iron absorption are conflicting with some workers reporting no 
effect (Schultze, 1940), while others report that copper increases 
iron absorption (Chase et al., 1952). In a review, it was 
suggested that copper affects iron absorption in an indirect 
manner (Matrone, 1960). Thus in copper deficiencv, when hemoglobin 
synthesis is decreased, iron accumulates in the body (Smith and 
Ellis, 1947; Lahey et al., 1952). This would stimulate an iron 
load in the body and would signal the absorptive sites to block 
further iron absorption. When copper is added back to the diet, 
hemoglobin synthesis would be initiated, body iron stores would 

be reduced, and the absorptive sites would begin to function 
(Dowdy, 1969). Copper is apparently neither an activator nor an 


inducer for the heme biosynthetic pathway, since the enzymes 
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actually show areater activity under conditions of copper deficiency 
(Lee et al., 1968). Mortson and Allen (1967) remarked that the 
most probable role of copper in hemoalobin formation is its 
involvement in release of iron stores from the liver. 

In addition to dietary anemia, copper deficiency has resulted 
in certain bone abnormalities in swine. _Ad libitum feeding of a 
whole milk diet to young pigs led to a progressive loss of use of 
the hind-, then fore-legs (Teague and Carpenter, 1951). Supplemental 
copper at a rate of 2 ma/pia/day appeared capable of arresting the 
development of the symptoms. Administration of copper and iron 
resulted in a degree of reversal in the degenerative process but 
supplementing with vitamins A and D had no effect. Similar 
observations were reported by Lahey et al. (1952) but a smaller 
proportion of deficient animals developed the svmptoms, possibly 
as a result of a higher level of dietarv iron. 

Investigations of the effects of low levels of dietary copper 
revealed a marked diminution of osteoblastic activity in bone 
sections from deficient pigs (Follis et al., 1955). The authors 
remarked on the similarity of the symptoms to those of scurvy and 
reported that both copper and ascorbic acid seem to have a unique 
property in common, i.e. ability to interfere specifically with 
the functional activity of the osteoblasts while not affecting the 
integrity of cartilage cells. The mechanism of copper in the process 
of bone formation has not been identified. 


Another role of copper in the body concerns eneray metabolism. 
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Copper has been shown to be a constituent of cytochrome oxidase 
(Schultze, 1941), the terminal oxidase in the electron transport 
mechanism from which high energy phosphate bonds are derived. 
The activity of this enzyme is markedly reduced in the heart and 
liver of copper-deficient swine (Gubler et al., 1957). 
Gallagher and coworkers (1956) demonstrated a sianificant fall 
in cytochrome oxidase activity of the brain, as well as of the 
heart and liver of rats in copper deficiency. 

Copper has been shown to be associated with formation of 
aortic elastin (O'Dell et al., 1961; Starcher et al., 1964; and 
Hill, 1969). Elastin is a protein which provides elasticity in 


blood vessels, whereas collagen imparts strength and rigidity 
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(Bendall, 1964). A copper deficiency not only reduced by 50 percent 


the concentration of elastin in chick aorta (O'Dell et al., 1966), 
but in swine reduced tensile strength of elastin as well (Carnes 
eteak?: 1961). Recent evidence shows that copper deficiency 


interferes with both elastin and collagen (Chou et al. 1968). 


EFFECTS OF DIETARY COMPONENTS ON RESPONSE TO SUPPLEMENTAL COPPER 


(a) Mineral Balance 

i) Molybdenum 

The effects of molybdenum on copper utilization and toxicity 
are very conflicting, especially with regard to various animal 


species. In ruminants, molybdenum is effective in counteracting 
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copper toxicity. Dick (1953, 1954, 1955) and Wynne and McClymont 
(1955) demonstrated that liver copper stores of sheep could be 
reduced by feeding adequate molybdenum. Reports with rats (Comar 
et al., 1949) and pigs (Kulwich et al., 1953; Pond and Smith, 

1967) suggest that, in contrast to ruminants, the response of 
non-ruminants to copper is less dependent on the molybdenum 

content of the diet. Kline et al. (1971) indicated that molybdenum 
added at 25, 50, 100 and 200 ppm to pig rations had no siaqnificant 
effect on performance, hematology or tissue copper stores of pigs 
fed 150, 200 or 250 ppm dietary copper. Conversely, Dowdy and 
Matrone (1968a,b) reported that copper offered as a copper 
-molybdenum complex in the diet was less available to baby pigs than 
copper offered as copper sulfate or copper citrate for ceruloplasmin 
synthesis, indicating a copper-molybdenum antagonism in piglets. 
However, Whanger and Weswig (1970) failed to demonstrate copper 


unavailability by feeding a copper-molybdenum complex to rats. 


ii) Zinc, cadmium, iron, silver and mercury 

Several workers have shown that adding large quantities of 
zinc to the diet of rats prevents an otherwise adequate dietary 
copper supply from meeting the rats’ requirements for copper (Smith 
and Larson, 1946; Grey and Ellis, 1950; Van Reen, 1953; Hill et 
al., 1963). Cox and Hale (1962) were, however, unable to 
demonstrate a similar antagonism in the pig. Ritchie et al. (1963) 


have reported a protective effect of a 100 ppm zinc supplement 


against the toxic effects of 250 ppm dietary copper on pigs. 
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Allen et al. (1958), Barber, et al. (1960) and Hanrahan and 
O'Grady (1968) indicated that liver copper stores of pigs fed 
250 ppm supplemental copper were lowered by additional dietary 
zinc, ranging from 125 to 250 ppm. Similarly, DeGoey et al. 
(1971) reported that supplemental zinc and iron reduced hepatic 
storage of copper in pigs fed 250 ppm dietary copper. However, 
results presented by Kulwich et al. (1953), Gipp eb a). (1967) and 
Kline etal . (1972) failed to demonstrate that dietary zinc 
protected pig tissues from high copper levels. Nonetheless, the 
thesis that zinc is antagonistic to copper seems well] documented 
(Duncan et al., 1953; Magee and Matrone, 1960; Hill and Matrone, 
1962; Hill et al., 1964; Van Campen, 1966; Van Campen and Scaife, 
1967; Carrico and Deutsch,1970; Whanger and Weswig, 1971). The 
mechanism of this interaction has not been fully explored. 

It has been observed that cadmium acts in a manner similar 
to zinc in copper antagonism (Hill et al., 1963; Hill et al... 1964; 
and Van Campen, 1966). A mechanism of interaction has been 
proposed for both zinc and cadmium. Starcher (1969) first identified 
a copper-containing protein of 10,000 molecular weight in the 
chick intestine and suagested that cadmium and zinc antagonize 
copper absorption by displacing copper from this duodenal protein. 
Recently, Evans et al. (1970a) examined the metabolism of copper and 
zinc at the molecular level and demonstrated that the two elements 
are bound to a single 10,000 molecular weight protein in the 


duodenum, liver and kidney of the rat. The characteristics of the 
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identified protein in rat and chick are similar to that of 
metallothionein previously isolated from equine and human kidney 
by Kagi and Vallee (1960, 1961) and Pulido et al. (1966). Evans 
et al. (1970) further indicated that the major fraction of soluble 
copper from both bovine duodenum and liver is associated with a 
protein similar to metallothionein and that the second fraction 
of soluble copper is associated with a protein similar to 
cytocuprein which has been described by Carrico and Deutsch (1969, 
1970). Kagi and Vallee (1961) and Pulido et al. (1966) demonstrated 
that the metal ions of metallothionein are bound to mercapto 
groups. Since cadmium and zinc form stable mercaptides, Evans 

et al. (1970a,b) suggested that these elements displace copper 
from the sulfhydryl binding sites on metallothionein. 

Several investigators have shown that the addition of copper 
to pig diets eee a depression in liver iron stores (Cassidy and 
Eva...1958.y.. Bunch set eal 5 .b9633<andsRitchie set -a has 1963). Kainski 
etgal.. (1967) reported that high dietary levels of iron reduced 
liver copper stores in pigs fed excess copper, while Kline et al. 
(1972) failed to obtain any protection against increased copper 
accumulation in the liver of pigs fed high levels of copper and iron. 

Silver and mercury may also alter copper metabolism (Hil1 
et al., 1964; Van Campen, 1966; and Whanger and Weswig, 1970). 

Generally, the Cut+ ion forms tetrahedral complexes and the 
ae ion forms square coplanar complexes; both ions have a 


preferred coordination number of 4. Theoretically, any ion 
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capable of attaining these chemical characteristics can act as 
a copper antagonist. Since edt, Zhe and Ag” jons can attain 

Such characteristics, they could be expected to act antagonistically 
_ to copper. Data presented by Hill et al. (1963), Hill et al. 


(1964) and Whanger and Weswia (1970, 1971) support this hypothesis. 


(b) Level and Type of Protein 

i) Level of protein 

Reports regarding the effects of level of protein on the 
response to dietary copper supplementation are conflicting. Bunch 
et al. (1961) reported that the response to copper was similar 
in corn-soybean meal and corn-fishmeal diets containing either 
16% or 22% protein. King (1964) observed that in barley-fishmeal 
diets with a Tow (14.5%) protein level, copper supplementation 
resulted in improved rate of gain which was not observed in the 
high protein (18.1%) diet. Similarly, Beames and Lloyd (1964) 
observed that copper supplementation of swine diets containing a 
low jevel of soybean meal (6%) resulted in improved performance, 
while supplementation of diets containing a high level of soybean 
meal (23%) did not affect rate of gain, but tended to reduce feed 
consumption. Combs et al. (1966) observed that levels of protein 
(14 or 22%) as either soybean meal or casein did not affect the 
response to copper supplementation of the diet. Castell and 


Bowland (1968a) indicated that the beneficial effects of copper 
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supplementation were more evident when diets of relatively high 
protein content were fed. Hanrahan and O'Grady (1968) observed 
that the performance of pias fed a low protein diet supplemented 
with copper was significantly reduced while that of pigs fed a 


high protein copper supplemented diet was only slightly reduced. 


ii) Type of protein 

- Fishmeal is a common protein supplement in Great Britain, where 
the initial studies of copper supplementation of swine diets were 
carried out. Early studies in North America, where soybean meal 
is the protein supplement generally used, did not demonstrate the 
Same response. This indicated that the type of protein supplement, 
animal versus vegetable, used in the diet might affect the response 
to dietary copper supplementation. 

Allen et al. (1961) reported that when copper att a level of 

250 ppm was added to diets containing either fishmeal or dried 
skim milk as protein sources, response in terms of average daily 
gain, feed conversion and feed intake, was greater in diets 
supplemented with dried skim milk than in diets supplemented with 
fishmeal. Braude et al. (1961) observed greater response to 
copper supplementation of diets containing fishmeal than in diets 
containing soybean meal, whereas Lucas et al. (1962) did not 
obtain any difference in the effect of copper supplementation of 


barley-fishmeal diets as compared with soybean meal diets as long 
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as dietary protein was adequate. Similar observations have been 
made by Combs et al. (1966) and O'Donovan et al. (1966). However, 
Castell and Bowland (1968a) and Drouliscos et al. (1969) 

reported that the beneficial effects of copper were more evident 
in pigs fed diets supplemented with fishmeal than in pigs fed 


diets containing soybean meal. 


RAPESEED MEAL AS A PROTEIN SOURCE 


Most of the early work concerning copper supplementation in 
Swine rations either involved fishmeal or soybean meal as protein 
sources. In recent years in Canada, considerable attention is 
being given to the utilization of rapeseed meal in swine diets. 

Bowland (1966) reviewed extensively the feeding value of 
rapeseed meal for swine. Schuld and Bowland (1968) reported that 


8% rapeseed meal in the starting and growing diets for pigs, when 


28 


replacing soybean meal on an isonitrogenous basis, had no depressive 


effect on feed consumption, but did depress growth performance 
and efficiency of feed utilization. Bayley et al. (1969) found 
no effect on performance during the finishing phase by adding 11% 


rapeseed meal to replace an equivalent level of protein from 


soybean meal. Elliot and Bowland (1970), using copper supplemented 


diets, observed that pigs fed barley-fishmeal and barley-soybean 
meal diets performed better in terms of weight gain and feed 


conversion than those fed barley-meat meal and barley-rapeseed 
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meal diets, but there were no interactions between level of copper 
and protein source. Saben and Bowland (1971) reported that 8% 
rapeseed meal, when replacing soybean meal on an isonitrogenous 
basis, fed to sows both in the gestation and lactation periods for 
two reproductive cycles, had no significant effects on feed 
conversion efficiency, gestation weight gains or lactation weight 
losses. 

In early studies with solvent-extracted rapeseed meal of 
Brassica campestris type and free of the enzyme myrosinase, Bell] 
(1965) obtained no reduction in energy digestibility of the diet, 
when the meal was fed to growing and finishing pigs. The addition of 
ground rapeseed screenings added as the source of the enzyme 
myrosinase, caused a depression in the digestibility coefficients of 
energy and protein. 

The growth-inhibiting properties of rapeseed meal appear 
dependent upon hydrolysis of alucosinolates (thioglucosides) into 
isothiocynates (2-hydroxv-3-butenyl) and oxazolidinethione. The 
hydrolysis is affected by the enzyme myrosinase, normally present in 
unheated rapeseed (Greer, 1956; Kjaer, 1960; Virtanen, 1965). Several 
bacterial species in the gastrointestinal tract have been found to 
possess enzymes capable of hydrolyzing thioglucosides (Bell and 
Belzile, 1965). 

Bell and Belzile (1965) indicated that commercially produced 
enzyme-free rapeseed meal, containing unhydrolyzed glucosinolates, 


is free of most of the undesirable properties if myrosinase is not 
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reintroduced by other dietary means or by intestinal bacteria. 
Lodhi et al. (1970) fed diets with and without myrosinase, and 
containing up to 30% rapeseed meal, and showed no effect of 
dietary rapeseed meal on the metabolizable energy value of chick 


diets. 
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GENERAL EXPERIMENTAL 


MANAGEMENT OF EXPERIMENTAL ANIMALS 


_All pigs used in this work were farrowed at The University 
of Alberta Edmonton Research Station and were of Hampshire X 
Yorkshire breeding. 

The standard management practices followed in The University 

of Alberta Swine Research Unit were followed. All pigs were 
identified by ear notch at birth and "black" teeth were cut off. 
For prevention of anemia, a 2 ml intramuscular injection of 
Imposil-200! (an iron dextran compound containing 100 mg of 
injectable iron/ml) was administered to each animal at approximately 
4 days of age. Male pigs were castrated at 10 days of age, and all 
pigs were weaned at three weeks and fed a prestarter ration containing 
approximately 20% crude protein. Between five and six weeks of 
age, pias were treated for ascarids, using a piperazine derivative 


and for skin parasites, using lindane? spray. Vaccination against 


1 Fisons of Canada Ltd., 26 Prince Andrew Place, Don Mills, Ontario. 
2 Western Brand Products Ltd., Edmonton, Alberta. 616 mg/100 kg feed. 


3 Gamma-benzene hexachloride supplied by Franklin Laboratories Ltd., 
Calgary, Alberta 
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erysipelas using a subcutaneous injection of a commercial 
bacterin! was carried out when the pigs were approximately 8 weeks 
old. 

All experimental pigs were paired in concrete-floored pens 
until they attained 40 kq weight when they were separated and fed 
individually. Each pen measured 0.58 x 1.17 m and was equipped 
with a feeding stall and an automatic waterer. Both experiments 
were conducted in the same building at an approximate temperature 
Of r65 F. 

Diets were mixed and bagged at The University of Alberta feed 


mill and were stored in the barn where the pigs were on experiment. 


METABOLISM STUDIES 


Metabolism crates as used previously by Hussar (1958), 
measuring 73 cm high, 116 cm deep and 41 cm wide, situated 
approximately 60 cm above the concrete floor were used in the 
present study. They were constructed of angle iron and galvanized 
sheet metal. The floor of the crate consisted of a rolled expanded 
metal sheet with 18 x 45 mm mesh. Beneath this mesh was a 6 x 6 mm 
aluminium screen above a collection tray which had a gradual slope 
from the edges to a central drain hole. Urine was collected in 


a container situated under the tray. Feces were, to a large extent, 


1 Agricultural Division, Chas. Pfizer and Co., Inc., New York, N.Y. 
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collected on the expanded metal sheet, and the remainder were 
forced through the perforated floor and retrieved from the 
collection tray. Feed and water containers were attached at the 


front of the metabolism crate. 


COLLECTION AND HANDLING OF SAMPLES 


(a) Feed Samples 
roaneles of feed for determination of drv matter, gross energy 
and crude protein were obtained at the time of mixing with the aid 
of a seed sampler!. One sample was taken from each bag in the mix. 


The samples were pooled prior to sampling for analyses. 


(b) Fecal Samples 

Feces were collected each morning durina the metabolism 
periods. Each day's collection was placed in a ianelned plastic 
bag and stored at 3°C. After final collection, total feces 
collected from each pia were thoroughly mixed and weighed. The 
fecal samples were then dried in a forced air oven? for 72 hours at 
60°C, allowed to equilibrate with the air for a further 24 hours 
before final weighing. Subsequently, the samples were ground in a 


C and N laboratory mil1l3, to pass through a 2 mm mesh screen and 


1 Seedboro Equipment Co., Chicago, Illinois, U.S.A. 
2 Style v31, Despatch Oven Co., Minneapolis, Minn., U.S.A. 


3 Size 8, Christy and Norris Ltd., Chelmsford, England. 
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representative samples retained for later analyses. 


(c) Urine Samples 

Collections of urine were made at the same time the feces 
were collected. Volume was measured and recorded at the time of 
collection. Aliquots of urine were placed in jars, sealed and 
stored at 3°C such that a total volume of approximately 250 ml was 


collected over the three day period. 


(d) Liver and Kidney 

The livers and kidneys of the test animals were obtained from 
the Swift Canadian packing plant in Edmonton shortly after slaughter. 
The samples were stored in sealed plastic bags in the freezer at 


-16°C prior to analyses. 


(e) Fat and Muscle , 

A pork chop from the vicinity of the 7th and 8th ribs of the 
left side was obtained from each pig. This chop of about 160 g 
fresh weight consisted of a strip of backfat, approximately 2.5 cm 
wide, and the longissimus muscle. Chops were stored in sealed 


plastic bags in the freezer at -16°C prior to analyses. 
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CHEMICAL ANALYSES 


(a) Dry Matter 
i) Urine: 
Approximately 200 ml of urine was weighed into an aluminium 
foil dish and placed in a freeze-dryer! for 48 hours. Urine dry 


matter was computed on the basis of dry weight. 


ii) Liver, kidney and muscle: 

Weighed samples of tissue were dried in a freeze-dryer for 
48 hours and transferred to a forced-air oven for another 24 hours 
at 110°C. The samples were then cooled in a dessicator until 


constant weight was obtained. 


(b) Nitrogen 


The nitrogen (N) content of feed and feces was determined by 


30) 


the Kjeldahl] method of analyses (AOAC, 1960). A commercial Kel-Pak2 


was used to provide the required amount of catalyst for the acid 
digestion. The ammonia ultimately produced was retained in a 4% 


boric acid solution and titrated directly with standard HoS0,. 


1 Repp Sublimator Model SRC42. Division of Virtis Co., Inc., 
Gardineren.) 9 12520, Ulo.n. 


2 Matheson Scientific, East Rutherford, New Jersey. Supplies 
HgO, K5S0, and CuS0,. 


. OT eed | ai Tel my Petit + fh {hart ? Tae safer toubotiwans td 


at se , fn seed - 
vane 1 n é 
ek bo 2s 
: % ae a i v7 A in 
“ Pit 8 fa Va 1 
H 
Leer ens ms Teh “a Tic »') eh cow: ant bes Fie . ela ‘ 


., ify, eafierel st Ou a “nF onal Acne y 'S Hf badietiq tia fall TOT, : 
. phi | 
Sianrow inh te: BPeae ane we, ‘bacyeies ~~ asd i 


as 
| ver bine: ies gtk s re a 

OT TOR Tiaak S97" GA) Be ib 3 snaneeyee ta Fo ‘zalieae’ vargtsl, r 
MA naire “at stoves”, et #0! ba ag te core | 
a Te jah: 4-nbbafoos nent aa satheide ai, hadet a 
| onal eee es a 


d/ pen? rragob. anu) 2eoo) DE Daat %6 (gna #) ape 
biscuit rev soyteres gia ouch ibe Furor presenter 
2p ot henasta? Sey, heaytons: anita hy sirens, ek nile 


glee braboad 2 dit! UTiouy ry baie phe oti ios sta a 
ane we 
? r 
. oe 


(Gh .c00 2tsvtl *o wtefvid nae 


a f ; 7 ; | 
af ; - ie. bn - : 4 : a i‘ ‘ 
¢ : | ; ; of ig ahi RY My .¥ a [a it i mY ie ) 


gattoiuz ie walt bie vongian a ieee an | 


' of 
oa 
oT S 
7 i - 
ay : 


‘ 
. 
i 


36 


(c) Gross Energy 
Gross energy of feed, feces and urine was determined using 
a Parr Oxygen Bomb Calorimeter! equipped with a Brown Electronik 


recorder2, 


(d) Lipid Analysis 


i) Lipid extraction 

The method of Folch et al. (1957) was used to extract fat 
samples. A 1 gq sample was homogenized with 20 ml of CHC1,:CH0H 
(2:1) in a Virtis "23" homogenizer’. The homogenizing vessel was 


surrounded by ice. 


ii) Preparation of methyl esters 

Methyl esters were prepared from the extracted lipids by 
transesterification according to a slight Een of the 
method of Morrison and Smith (1964) for triglycerides; n-pentane 
replaced benzene in this method. The lipid extracts were first 
filtered through anhydrous Na5S%q to remove any water, the solvent 


removed under No on a flash evaporator? and approximately 50 mg 


1 Parr Instrument company. Moline, Illinois, U.S.A. 


2 Minneapolis - Honeywell Reaulator company, Philadelphia, 
Pennsylvania, U.S.A. 


3 The Virtis company, Yonkers, N.Y., U.S.A. 


4 Rinco Instrument Co., Inc., Greenville, Illinois, U.S.A. 
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of the lipid so obtained transferred under No to a 150 x 25 mm 


screw cap culture tube! for methanolysis. 


iii) Gas-liquid chromatography 

Each sample of methyl ester was chromatogrammed in duplicate 
using a Bendix Gas Chromatograph-25002 equipped with a flame 
ionization detector. Separation of the methyl esters was achieved 
on a 366 cm long and 0.3 cm inner diameter alass column packed with 
15% diethylene glycol succinate on 100-200 chromosorb W. The following 
isothermal conditions prevailed: column temperature 200°C, injector 
and detector temperature 230°C, helium flow rate 50 ml per minute. 


The suppression was set at 1000 and slope sensitivity at 8. 


iv) Identification of acids 
Individual fatty acids were identified by comparing their 
retention times with the retention times of pure fatty acid methyl 
esters. The following fatty acids were identified: 14:0, 16:0, 
16:25 18:05) 18215018:25218233 2021306 Severalcother*minor 
components (less than 0.5%) were present, but these were not 
identified. «Thejacids.14:05 1620911621 ,018:0.018:1eand 18:2 


together accounted for more than 98% of the fatty acids evaluated 


1 Cat. No. 9826. Corning Glassworks, Fisher Scientific, Edmonton 


2 Bendix International Operations, 605 Third Avenue, New York, 
Noun OO 1G... U.S.As 


3-14:0 myristic acid; 16:0 palmitic acid; 16:1 palmitoleic acid; 
18:0 stearic acid; 18:1 oleic acid; 18:2 linoleic acid; 18:3 
linolenic acid; 20:1 dadoleic acid. 


: fit j yy ry 7 
2 7 ay: 
; | : 
: a?) On Wea 
: a a OAKP ET y Oe 
u : ‘ : \ ? { ra a i : i 
’ 


| pies 4h ORT a ah oe “ae bana vyenex vitae pz nae 


halla ” fai sia 
’ ungsioaremey> sings | 
pate mA aay Aes ‘. Ate! a4 Sine: ot) = 


S 
Mog ro haves Cone scrip metal 280 u bea ae 


2 EVO avs. ae PI BEAL depp nat 


‘ se fry sate faa (Ont h yh HfS6 cng a aat a 

7 , } V\S-00T Aho Senesaue roeowly surat to 
at ‘eibaisumad ninelas see beara mokhibass for Diy sf sf 
efurtm dea In 0% Siey Wor mae Pe DOSS Esa amie, alain 

A. te witedti année Godl2..bre_ 9007 Fé aee eh rofeesvonMe 


yi cad 


ay ‘gotsn' Re Sagi (yt 
jel? oolwermitia’ die: cheteat é sesh 2htoe Nobat. peunewlitiad ., > f) 
res nese vile? swdite main ty Pt, oer ody AB by carnhd iomon, 5 

O38" FeKT chet qabt ten enKqs va at yooh? oat | ti ; 
ae ee er ie peek cee NL raf OOF aha 
jon. view seathive | AnD ett: Srl (ne 6 meds dat) aa & 
S:8f Sng fal 058 th (Megan wien? zbtonadt be 


i” bodeulave cabins. yiiat oft *o 188 ‘dune ‘S70, OF PahawosoR THN 0 sa 


7 . os - ca m 

\ : , 

singin on inst? vrata obtener tt, pitino oa, a a ‘i 
7 ath pie Pe 


_ 
i a : 


- 5 Ce 
+) Anat wall saihaue ‘bit a0 edie fant ties 
7 BoB BOOT NA et 
iat thos or x be 


va 
Hise ae 


. ee ad : Pat 
; ‘ thos stal ati npag ies 
} es we LBTos a afortt set; 


ang uy a 


in the samples. The RSM might contain traces of erucic acid (22:1) 
from residual rapeseed oil; however, no erucic acid determination 


was carried out in these studies. 


v) Methods of calculation 
1. Calculation of peak areas: 

Peak areas were obtained with the aid of a Vidar 6300 digital 
electronic integrator! attached to the recorder?. 

2. Calculation of percent composition: 

Correction factors for detector response were obtained by 
chromatogramming each day a standard sample of known weight percent 
composition which approximated the composition of porcine depot 
fat. The percentage composition of the standard sample was 
determined from the peak areas and correction factors obtained by 
comparing these figures with the known weight percent composition 
of the sample. All correction factors derived for a given acid on 
a given column were averaged and applied to chromatograms run on 
that column to arrive at corrected peak areas. The corrected 
areas were totalled and the individual areas expressed as a 


percentage of the total to arrive at weight percent composition. 


(e) Copper determination 


The method of analysis for copper content of pig tissues 


1 Vidar Autolab., 77 Ortega Ave., Mountain View, Calif. 94040, U.S. 
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2 Microcord Model 44. Photovold Corporation, 1115 Broadway New York, 
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was based on the procedure described by Middleton and Stuckey (1953) 


and reviewed by Anderson (1972). All alassware was thoroughly 
cleaned with hot detergent solution, rinsed and soaked overnight 
in 1:1 nitric acid. After soakina, glassware was rinsed with 
hot tap water, distilled water and demineralized water, then 
dried at 110°C. Before use, the glassware was stored separately 
from other containers and protected from contamination. Only 
demineralized water was used throughout the analysis. To obtain 
demineralized water, distilled water was passed through a Bantam 


Demineralizer! equipped with a standard cartridge. 


Each dry sample was thoroughly ground to obtain as homogenous 


a sample as possible. Dried samples weighing 1 q were placed in 


porcelain evaporating dishes and ashed in a controlled-temperature 


muffle furnace?. The furnace was set at an initial temperature 
ofe250°C for ps hours, increased to 400°C for a further four 
hours and finally adjusted to 500°C for a total ashing period of 
24 hours. The samples were then cooled and 5 ml of concentrated 
nitric acid were added to the ashed sample. After standing for 
approximately one hour, the samples were transferred to 100 ml 
volumetric flasks and diluted to volume with deionized water. 
Copper concentration was measured by direct aspiration into 


a model AA-4 atomic absorption spectrometer?. 


1 Barnstead Still and Sterilizer Co., Boston 31, Mass., U.S.A. 


2 Lindberg Hevi-duty. Fisher Scientific Co. Ltd., 8595 Devonshire 


Road, Montreal, Quebec. 


3 Atomic Absorption Spectrometer, 23-31 Islington Street, Melbourne, 


N.S.W.5 Australia. 
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STATISTICAL ANALYSES 


Analysis of variance was used in statistical analyses of the 
data. Because of the two additional treatments of supplementary 
iron and manganese for pigs receiving SBM or RSM alone in 
Experiment 1, it was necessary to perform two separate sets of 
analyses. The first analyses consisted of protein (n = 3), 
copper (n = 5), sex (n = 2) with four pigs per treatment group; 
while the second analyses consisted of protein (n = 2), mineral 
(n = 7), sex (n = 2) with four pigs per treatment group. One set 
of analyses was made in Experiment 2 consisting of protein (n = 3), 
mineral (n = 4) and sex (n = 2) with four pigs per treatment group. 
All sources of variation except pigs were considered as fixed. 
There were no first or second order interactions in experiments. 

No discussion of three factor or higher interactions will be 
made. 

Computation was made on an IBM 360/67 computer using Library 
program CSO17, University of Alberta (1968) modified by Weingardt 
(1972)!. Differences between three or more treatment means were 
compared using Duncan's multiple range test (Steel and Torrie, 
1960). Missing data were replaced by the mean of that treatment 
group with the consequent loss of one degree of freedom in the 


error term per replacement (Steel and Torrie, 1960). 


1 Ray Weingardt - personal communication. 
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EXPERIMENTAL OUTLINE 


In Experiment 1,started in the spring, 1971, 76 early-weaned 
pigs,equalized as to sex and averaging 6 kg in weight,were allotted 
to 19 treatment groups of 4 pigs each (Table 1). The crossbred 
Hampshire-Yorkshire pias were allotted at random within sex and were 
fed a SBM-supplemented diet, a RSM (Brassica napus cultivar 
Bronowski, low glucosinolate)-supplemented diet or a diet supplemented 
with 50% each of protein from SBM and RSM (Table 2). Within each 
dietary protein source, further sub-division was made on the 
basis of level of supplemental copper (0, 125, or 200 ppm), presence 
or absence of supplemental iron and manganese and withdrawal of 
copper at 40 ka liveweight or continuous copper supplementation to 
the end of the experiment. 

In Experiment 2, 48 Hampshire-Yorkshire crossbred pigs of 
10.5 kg average initial weight, equalized as to sex were randomly 
allotted in groups of four in the spring, 1972, to 12 treatments 
(Table 3). Protein and copper supplementation were as in Experiment 
1, except that RSM from B. campestris cultivar Span seed was used. 
This is a low erucic acid (LEAR) type of rapeseed. The same dietary 
formulations (Table 4) of approximately 14.4% crude protein were fed 
throughout with no adjustment in protein or other nutrients. All 
diets contained 50 ppm zinc which meets recommended requirements 
(NAS-NRC, 1968). Some of the diets supplemented with 200 ppm 
copper were further supplemented with 200 ppm zinc. 


In both experiments, pigs were fed ad libitum and had free 
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Table 1: . ALLOTMENT OF PIGS IN EXPERIMENT 1 


Source of Level of added Conner (ppm) 


ies: pela geeute! to 40 ka 40 kq to market ee | Wane uae 

1 SBM 1 0 0 0 
2 SBM 125 0 0 
3 SBM 125 125 0 
4 SBM 200 0 0 
5 SBM 200 200 0 

6 SBM 0 0 +13 
7 SBM 200 200 + 
8 SBM + RSM 2 0 0 0 
9 SBM + RSM 125 0 0 
10 SBM + RSM 125 125 0 
11 SBM + RSM 200 0 0 
12 SBM + RSM 200 200 0 
13 RSM 0 0 0 
14 RSM 125 0 0 
75 RSM 125 125 0 
16 RSM 200 0 0 
17 RSM 200 200 0 
18 RSM 0 0 + 
19 RSM 200 200 - 


1 SBM = soybean meal (44% protein) 
2 RSM = rapeseed meal (B. napus, cultivar Bronowski; 37% protein) 


3 To provide 41 ppm iron (Fe) as ferrous sulfate and 81 ppm 
manganese (Mn) as manganese sulfate 
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Table 2: FORMULATION AND COMPOSITION OF BASAL DIETS FOR PIGS 
IN EXPERIMENT 1 


Source of Supplemental oBM SBM + RSM RSM 
nets Start 40kg start 40ka start 40kg 
to to to to to to 
Period 40kq market A0kg market A0kq market 
Ingredients 
Wheat (ground) ATO; RO a0 BO 7200 Jock) 03020 
Barley (ground) 3005. 07700 15.0. 65.9 - 54.7 
Soybean meal (44%) 20°00 1020 10.0 5.0 - ~ 
Rapeseed meal (37%) - - 1233 6.1 2a mel 2.3 
Ground limestone 1.0 Te 1.0 ele 1a) =O 
Calcium phosphate! Ps) ee Lal bal 11 1 
Iodized salt 0.5 On 0:5 O25 OD 0e5 
Trace mineral - 0.4 0.4 0.4 0.4 0.4 0.4 


vitamin mix2 
Composition (calculated) 


Digestible Energy?kcal/kg 3289 3128 ScOLiyeo co 3274 3149 


DE supplied by SBM kcal/ka 330 165 

DE supplied by RSM kcal/kg 344 16] 

Crude: proteinesatus +... % Te48) P43 1oeoee 4d 825.0 14.5 
Crude protein from SBM..% HE ey | are: 

Crude protein from RSM..% | 4.6 278 

By Seer eten es eo cule wag % 0.86 0.69 06829 510.66 0.78 0.64 
Methionine and Cystine. .% 0.56 0.46 O55 a 40545 0.54 0.44 
Cale Lies weve re os eas s % O73: MORITZ 07/55 S075 0.79 4.0575 
PROSBNOCUSE eae ese. ua % O63." BOL o! G2 6630.62 0.68 0.64 


1 The calcium phosphate contained 18.5% Ca and 20.5% P. 


2 To supply 440 ma riboflavin, 880 mq calcium pantothenate, 2 9 niacin, 
2.2 q choline chloride, 15 mg folic acid, 1 ma vitamin Biz, 500,000 I.U 
Vitamin A, 66,000 I.U Vitamin D2,1,000 I1.U Vitamin E and 113 mg cobalt 
per 100 kq diet. It also supplies 50 ppm zinc, 10 ppm copper, 112 ppm 
iron and 37 pom manganese. 


3 Digestible Energy = DE 
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Table 3: 


Treatment 
Number 


> WwW Pr 


1 SBM 
2 RSM 


Ad 


ALLOTMENT OF PIGS IN EXPERIMENT 2 


Source of 


Level of added Level of added 


Supplemental Protein Copper (ppm) Zinc (ppm) 


SBM! 
SBM 
SBM 
SBM 


SBM + RSM2 
SBM + RSM 
SBM + RSM 
SBM + RSM 


RSM 
RSM 
RSM 
RSM 


0 0 
125 0 
200 0 
200 200 

0 0 
125. 0 
200 0 
200 200 

0 0 
125 0 
200 0 
200 200 


soybean meal (44% protein) 


rapeseed meal (B. 


campestris, cultivar Span, 37% protein) 
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Table 4: FOPMULATION AND COMPOSITION OF BASAL DIETS FOR PIGS 
IN EXPERIMENT 2 


Source aa alia Uae SBM SBM + RSM RSM 
Inaredients 

Wheat (ground) 10.0 20.0 30.0 
Barley (ground) 77.0 65.9 54.7 
Soybean meal (44%) 10.0 5.0 - 
Rapeseed meal (37%) - 6.1 1203 
Ground limestone Peo Lie 120 
Calcium phosphate! lel le! b.1 
Iodized salt . 0.5 0.5 0.5 
Trace mineral 0.4 0.4 0.4 


vitamin mix? 


Composition (calculated) 


Digestible Energy? kcal/kg 3128 2429) | 3149 
DE supplied by SBM kcal/kg 165 
DE supplied by RSM kcal/kg 161 
Crude prouennme: sos cic. % 14.3 14.4 14.5 
Crude protein from SBM. .% Le 
Crude protein from RSM. .% 220 
P BYS Tenis ac 2 OS « Pays 4 % 0.69 0.66 0.64 
Methionine and Cystine. .% 0.46 0.45 0.44 
PPC OUCAUM Gelscrse ges se steal a. Ye 0.72 RTA: 0575 
Phosphorus ..........4-- % 0.61 0.62 0.64 


1 The calcium phosphate contained 18.5% Ca and 20.5% P. 


2 To supply 440 mg riboflavin, 880 mg calcium pantothenate, 2 g niacin, 
2.2 q choline chloride, 15 ma folic acid, 1 ma vitamin Bi2, 
500,000 I.U vitamin A, 66,000 I.U vitamin D2, 1,000 I.U vitamin E, 
and 113 mg cobalt per 100 ka diet. It also supplies 50 ppm zinc, 
10 ppm copper, 112 ppm iron and 37 ppm manganese. 


3 Digestible Eneray = DE 
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access to water. Pig weights and feed consumption were recorded 
once weekly. 

Metabolism studies were conducted in both experiments. 

In Experiment 1, 42 pigs, 21 each of barrows and gilts, were selected 
for digestibility and retention studies on the basis of weight, 
mineral and protein treatment groups. Twenty-four pigs, 2 (1 barrow 
and 1 gilt) from each of the 12 treatments were selected for similar 
Studies in the second experiment. Metabolism cages as described 
under 'General Experimental’ were used. 

Because of space limitations, pias in both experiments were 
marketed at an average liveweight of 77 kg. This is below the 
usually recommended weight of market pigs. However, the weight was 
sufficiently heavy to allow the carcasses to fall in the normal range 
for routine grading by Canadian standards and assignment of a grade 


index under the "Hog Carcass Valuation System". 


ROP CARCASS EVALUATION 


In Canada, measurements of carcass quality for pigs on Record 
of Performance (ROP) for swine are based on the revised ROP 
Standards of the Canada Department of Agriculture, The carcass 
ROP score provides an indirect estimate of the combined percent 


yield of the four lean cuts of a carcass and is calculated thus: 


ROP = 51.68 - 3.234(A) + 1.0381(B) + 0.485(C) + 11.76(D) +E 
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where: 


Total backfat (sum of shoulder back and loin, in ) 
Loin area ee of loin at 14th rib, sq in) 
Ham/carcass (%) 

Area lean of ham/ham weight (sq in/1b) 


Sex correction factor (+ 1.1 percent for barrows; 


ate lepercent tor dilts). 
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RESULTS AND DISCUSSION 


GROWTH PERFORMANCE 


(a) Effects of Copper Supplements 

The mean values for feed intake, daily gain and efficiency 
of feed conversion for Experiment 1 are presented in Tables 5 
and 6. Feed intake, daily rate of gain and efficiency of feed 
utilization were not significantly affected by dietary copper 
during the starting period to 40 kg liveweight. At this weight, 
copper supplements were removed from the diets of a portion of 
the pigs. For the overall experiment, daily feed intake and 
efficiency of feed conversion did not differ among any of the 
treatment groups. However, pigs that received 200 ppm copper 
throughout the experiment gained 0.66 kg per day which was 
non-sianificantly more rapid than the gain for pigs in any other 
treatment. The average improvement was approximately 8% over 
pigs receiving no supplemental copper. These results agree with 
those reported in reviews by Braude (1965) and Wallace (1967) and 
research reports by Barber et al. (1955), Hawbaker et al. (1961), 
Castell and Bowland (1968a) and Young et al. (1970) who observed 


improved performance in pigs with supplemental dietary copper at 
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levels up to 250 ppm. The results in this exneriment suggest 
that there is an advantage in leaving 200 ppm copper in the diet 
to market weight compared with removal at 49 kg liveweight. This 
observation is similar to that reported by Barber et al. (1957) 
but differs from the data presented by Lucas et al. (1961) 
suggesting that the overall effect of copper on rate of gain and 
efficiency of feed conversion to market weight is a reflection of 
its effect during the growing period. 

Table 6 of Experiment 1 pools seven treatments over two protein 
sources to include treatments with added iron and manganese in 
addition to diets with or without dietary copper. Inclusion of 
iron and manganese in the diets of pigs did not affect feed intake, 
rate of gain or efficiency of feed conversion. In general, 
performance of pigs receiving iron and manganese without copper was 
similar to that of pigs receiving the control diet without copper, 
while the addition of iron and manganese to the copper-supplemented 
diet did not result in a more rapid gain than that of the pigs 
receiving 200 ppm copper. These results suggest that there is no 
advantage i feeding supplemental iron and manganese at the level 
employed in this experiment when diets are based on barley and wheat 
with SBM or RSM or both as protein supplements. 

In Experiment 2 (Table 7), dietary copper did not significantly 
increase feed intake and efficiency of feed conversion. However, as 
in Experiment 1, pigs fed 200 ppm copper without zinc gained non- 


significantly more rapidly than pigs in any other treatments. 
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Generally, dietary copper resulted in a slight but non-significant 
increase in efficiency of feed utilization. Average feed intake 
was 2.4] kg per day, average gain 0.67 kg per day and efficiency of 
feed utilization 3.60 kg feed/kg gain which were similar to 
performance obtained in Experiment 1. The performance of pigs 
receiving additional zinc with copper was similar to that of pigs 
receiving the diet without supplemental zinc. These results indicate 
that the addition of 200 ppm zinc to diets containing high levels 
of copper did not improve pig performance. Data presented by 

Kline et al. (1972) demonstrated that addition of 200 or 300 ppm 
dietary zinc to copper-supplemented diets resulted in depressed 
growth as compared with copper-supplemented diets supplemented 

with 100 ppm zinc. Two hundred ppm zinc was added to a diet 
containing 50 ppm zinc in the present experiment and it is possible 


that this level of 250 ppm zinc was excessive. 


(b) Effects of Dietary Protein 

The effects of source of supplemental protein on performance 
of growing pigs in Experimental 1 are shown in Table 5. Feeding 
SBM, a combination of SBM and low glucosinolate RSM or RSM at 
isonitrogenous, isocaloric levels did not result in any significant 
difference in daily feed intake (average 1.91, 1.85 and 1.99 kg 
per day), rate of gain (average 0.62, 0.61 and 0.62 kg per 
day), or efficiency of feed utilization (average 3.08, 3.04 


isin Bast avert re wotagattten bon} r Madigralits is 
wish i his Gb a | DAY Hip opsaats Nat 44: we ov 
at hte mba aril ile vpkae: pA beat et ir 6, 2188 

LT Shenisagad meh Bean tants Sosy 
in. to ‘tert Ob veh rite-2pe ego: iy Winks pa Tet ate oat 
ines. Rene Gaba: Ay etd 1 reid aah petits 


© 


Sfaylist iy dhe ao am if SES. oh ‘guste cate ihe 93 


Tat OG, Be A Se eee ais 29008 9 4 


Pen 


ane. i we bk wl eT (eeeraanablal (hveh) fe ta 
ayaih pervect Ale ae ai wy . ents “ie 
a euialyque 2vath Sedhalsr quite neegaae, ACW a adel as Awa 

19 i, 4 bah 5 2a SD mae panies oti ants wget ‘or i 
tdizeba. 2) 1) dee GoativGom@cdnestvqneit Bilas wen eh Getta 
yi epeyie. Behr SOS te 08%, 3 1 twa eh 4 


- 


4 Yt 


2 iy 5 5 


= ‘ } “a 
miabod + cise ta) 
HIABHEOTNSC NO 0 nfadead fictbibens je $0" agilloel te" #336 oft Me 4 
e, Pt 
nities? Safdar bi Aare: ath | Fodnbatragna ite ere onbwnny 


“fe Nea. 40 Men agatont edoutp wor hi, mae 0, feta * A 


dna Hitipte. re nt 2 Tepes 0 tb aaval otal diva: . pat 0 on 10 se 
oa Bere ws an 287 08. f opevave } aint boat Atte nt, er: nN 


fgg oF 5, 0 bth, 19.0 Fecn Dy wave). ‘tae Ye ofey' +0 ae 
a 9 & at, & apeyevi sohisetts ee enaaiBe ad . «f 


Ve oar : 


> 


C _ | 


r 


54 


and 3.22 kg feed/kg gain) respectively. These results suqgest 
that a low glucosinolate RSM could replace SBM on an equivalent 
protein and energy basis. These results contrast somewhat with 
those of Bowland (1972). In his report, gilt performance but not 
barrow performance was depressed when low glucosinolate RSM replaced 
SBM, but in the present study both sexes performed similarly when 
either RSM or SBM or a combination of the two provided the 
supplemental protein. 

In Experiment 2 (Table 7) daily feed intake was not affected 
by the different sources of supplemental protein. Pigs fed SBM 
appeared to perform better than pigs fed either RSM or a combination 
of SBM and RSM in terms of rate of gain and efficiency of feed 
utilization. The daily gain for SBM-fed pigs averaged 0.67 kg 
compared with the lower (P < 0.10) mean value of 0.56 kq for pigs 
fed RSM or the intermediate daily average of 0.63 kg for pigs fed 
the combination of the two protein supplements. Efficiency of feed 
conversion averaging 3.33 kg per kg gain for pigs fed SBM was 
numerically better than the mean value of 3.76 kg feed per kg gain 
for pigs fed RSM or 3.71 kg feed per kg gain for pigs receiving the 
combination of SBM and RSM. The RSM used in this experiment was 
different from the low glucosinolate RSM used in Experiment 1, and 
this difference could explain the trends toward differing comparative 
results in the two experiments. In previous studies with standard 
commercial RSM, Bowland (1971, 1972) observed a depression in gain 


of market pigs, when 5 or 10 percent RSM was fed. 
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(eG) Herfacns..of ssex 

In both experiments (Tables 5 and 7), gilts and barrows did 
not differ significantly in daily feed intake, daily rate of gain 
and efficiency of feed conversion. However, in Experiment 1, 
barrows ate non-sianificantly more than gilts with an average of 
2.05 kg feed/day for barrows and 1.80 kg feed/day for gilts. 
In Experiment 2, feed consumption averaged 2.28 ka/day for barrows 
and 2.21 ka/day for gilts. Higher consumption by barrows in 
Experiment 1 resulted in a slightly (non-significant) increased gain 
but lower efficiency of feed conversion, an observation similar to 
that reported by Young et al. (1968), Skitsko and Bowland (1970) 
and Pierce and Bowland (1972). 


DIGESTIBILITY AND RETENTION 


(a) Breett of Mineral Supplements 

Means for digestible N (DN), N-retention (RN), digestible 
eneray (DE) and metabolizable energy (ME) for Experiments 1 and 2 
are presented in Tables 8 and 9 respectively. Dietary copper, iron 
and manganese or zinc did not significantly (P < 0.05) alter DN 
or RN in either experiment. However, in Experiment 2, copper 
supplementation resulted in a non-significant increase in DN. 
Copper-fed pigs averaged 84.5% DN as compared with the mean of 
82.6% DN for basal pigs. DE or ME was not significantly altered 


by feeding dietary copper or iron and manganese in Experiment 1. 
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In Experiment 2, DE and ME were increased (P < 0.05) by feeding 
either 125 ppm or 200 ppm supplementary copper. The proportion 

of total DE metabolized was significantly increased only when 

200 ppm copper with or without dietary zinc was fed. It appears 
that the benefit obtained from supplementing pig diets with 200 
ppm copper is due, at least in part, to the action of that 
quantity of copper in increasing digestibilities of the energy and 
protein components of the diet. Additional zinc seems to nullify 
the benefit of copper by decreasina digestibility of the eneray 
fraction. This effect could be associated with a direct interaction 
between zinc and copper resulting in slight depression in growth 


when high levels of zinc are fed. 


(b) Effects of Source of Dietary Protein 

In Experiment 1 (Table 8), percent DN was not Sc nels 
affected by the source of supplemental protein. However, percent 
of RN per kg of feed and RN as a percentage of gross N-intake was 
higher (P < 0.05) for pigs fed a combination of low glucosinolate 
RSM and SBM diets as compared with pigs fed either SBM or RSM 
diets. The proportion of RN of DN averaged 57.6% for the SBM-RSM 
meal which was significantly (P < 0.05) higher than the means of 
47.4% and 46.8% obtained for SBM and RSM diets respectively. In 
Experiment 2 (Table 9), where standard RSM was used, percent DN 
was non-significantly higher for pigs fed either SBM-RSM or RSM 
alone than for pigs fed SBM. On the other hand, RN and the proportion 
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of RN of the total N-intake were non-significantly depressed by 
the standard RSM. Similar to the observation in Experiment 1, the 
combination of SBM and RSM resulted in increased retention values 
for N above the values for either SBM or RSM diets. Manns and 
Bowland (1963) noted a trend toward reduced digestibility of 
energy and N when pigs were fed 100% RSM in substitution for SBM. 
The data obtained in this study suagest that a combination of SBM 
and RSM has a complementary effect as protein supplements insofar 
as RN is concerned. 

In Experiment 1, DE and ME were not affected by the source of 
protein supplement. Similar findinas have been reported by Bel] 
(1965). In Experiment 2, the DE values were higher (P < 0.05) for 
pigs fed either RSM alone or a combination of SBM-RSM than for pigs 
fed the SBM diet. Results similar to these were obtained for rats 
by Bowland and Standish (1965). There were no significant 
differences in the ME values amongst the three protein sources. 
However, the proportion of DE metabolized was slightly higher for 


SBM-fed pigs than for SBM-RSM or RSM-fed pigs. 


(c) Effects of Sex 

Gilts and barrows did not differ at P < 0.05 in any of the 
digestibility and retention criteria studied. Results of Brooks 
(1967) and Bowland (1972) differ from those obtained in this study 
as these workers obtained sex differences. However, other results 


including those presented by Anderson and Bowland (1967), Skitsko 
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and Bowland (1970) and Pierce and Bowland (1972) agree with the 
results reported herein. There is no apparent explanation as 
to why barrows and gilts may differ in digestibility and retention 


in some studies and not in others. 


CARCASS DATA 


(a) Effects of Copper Supplementation 

The mean values for carcass measurements for market pigs in 
Experiment 1 are presented in Tables 10 and 11 and in Experiment 2 
in Table{2. In both experiments, the dressing percentages were 
non-significantly increased in pigs fed copper supplemented diets. 
Other workers (Lucas and Calder, 1957; Barber et ali, 1960; en 11en 
et al., 1961; and DeGoey et al., 1971) have observed a general trend 
toward increased dressing percentage of pigs fed dietary copper. 
Castell and Bowland (1968a) reported an increase in dressing 
percentage from feeding supplemental copper in one experiment, but 
in the other experiment observed a non-significantly decreased 
dressing percentage by feeding supplementary copper. 
| In Experiment 1, backfat thickness was reduced by the feeding 
of copper. This decrease was significant (P < 0.05) for pigs fed 
either 125 ppm dietary copper to market weight or 200 ppm to 40 kg 
liveweight. The reduced backfat for pigs fed 125 ppm copper to 
40 kg liveweight or 200 ppm throughout the experiment was not 
significantly different from that of the basal pigs. It appears 


that if rate of gain is improved by copper supplementation as 
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Table 11. 


Number of pigs 
Carcass weight ...kg 
DRESS 1NG: 2 os ord. cies % 
Total backfaty)....cm 
Loin area ..8..Sq cm 
Hatiicarcass fit. .2)6! 2 
Lean in ham face.. % 
Carcass length ...cm 
ROP score 


Grade index 


EXPERIMENT 1. 


125-40kqg 125 200-40kg 200 0+Fe+Mn 


Copper Levels (ppm) 


PP NN FS LP 


OF MARKET PIGS! 


101. 


EFFECTS OF SUPPLEMENTARY COPPER, IRON 


AND MANGANESE ON CARCASS CHARACTERISTICS 


200+ 


62 


Fe+Mn 


1 This table does not include data from treatments 


8, 9, 10, 11 and 12 receiving the combination 
of SBM and RSM protein supplements. 
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occurred when 200 ppm copper was fed, the advantage in decreased 
backfat thickness jis reduced compared with that obtained by copper 
levels where there is no effect on gain. In general, the results 
on backfat thickness in Experiment 1 agree with the data presented 
by Barber eal! (1960a, 1961b), Wallace bead: (1966b, 1968), 
Bekaert et al. (1967), Castell and Bowland (1968a) and DeGoey et 
al. (1971). However, it is in contrast with the results of 
Allen et al. (1961) and Barber et al. (1961a) who reported that 
copper supplementation may actually increase backfat thickness of 
pigs. Results obtained in Exneriment 2 of this study did not show 
any definite pattern as regards the effect of copper feeding on 
backfat thickness. 

There was a general trend for copper supplements to produce 
leaner carcasses as indicated by measures associated with carcass 
leanness. Loin area was non-significantly Henenced by feeding 
supplementary copper in both experiments. A similar effect upon 
the eye muscle was reported by Braude et al. (1962), Lucas et al. 
(1962), Castell and Bowland (1968a) and DeGoey et al (1971). 

The proportion of lean in ham face was significantly (P < 0.05) 
increased by feeding either 125 ppm copper to market weight or 
200 ppm copper to 40 kg liveweiaht. However, feeding 125 ppm 
copper did not result in a significant increase in this ratio in 
Experiment 2. 

we ham as a percentage of carcass and the carcass length were 


not affected by dietary copper. Barber et al. (1960a), Barber et al. 
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(1961a) and Bekaert et al. (1967) observed a general tendency for 
pigs which received supplemental copper to have shorter carcass 
length. However, other results including those presented by 
Panoereet cai 1 961b) . Wallace et al. (1966) and DeGoey et al. 
(1971) agree with the results reported herein. 

Feeding pigs. 200 ppm supplementary copper to 40 kg liveweight 
resulted in a significantly (P < 0.05) higher ROP score and grade 
index over the basal pigs. These advantages seemed to be lost 
when pigs were fed 200 ppm copper to market. The smaller reduction 
in backfat thickness for pigs fed 200 ppm copper was partly 
responsible for the lower ROP rating and grade index for these pigs. 

Zinc or phates’ manganese supplements had no effect on any of 
the carcass characteristics. Similar results were obtained by 


DeGoey et al. (1971). 


(b) Effects of Dietary Protein 

Source of supplemental protein had no influence (P < 0.05) on 
dressing percentage, backfat thickness, loin area, carcass length, ROP 
score or grade index in either experiment (Tables 10 and 11). However, 
in Experiment 1, feeding a combination of SBM and RSM or RSM alone 
resulted in a significantly (P < 0.05) higher proportion of lean in the 
ham face compared with feeding SBM as the sole supplementary protein. 
In the experiments of Manns and Bowland (1963), carcass measurements 


and carcass grades were not significantly influenced by the addition 
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of solvent-extracted RSM as a replacement for up to 100% of 

the SBM in the ration. Similarly, Bell (1956) observed little 
influence of myrosinase-free RSM on carcass quality. These earlier 
workers, however, did not observe the proportion of lean in ham 
face as one of the carcass characteristics of pias fed RSM. 

Higher lean in ham face coupled with lesser backfat thickness may 
be indicative of leaner carcasses brought about by higher RN for 


pigs. fed the combination of SBM and RSM diets. 


(c) Effects of Sex 

Gilts and barrows did not varv significantly in most of the 
carcass characteristics in this study (Table 10 and 11). However, 
. there was a consistent trend toward lesser backfat thickness for 
the gilts than barrows, an observation consistent with that of 
numerous researchers including Wagner et al. (1963) and Friend 
and MacIntyre (1970). In Experiment 2, percent ham of the carcass 
in gilts was siaqnificantly (P < 9.05) higher than that for barrows. 
This agrees with the previous reports of Skitsko and Bowland (1970) 


and Young et al. (1968) 


TISSUE COPRERVLEVELS 


(a) Liver 
Tissue copper levels (dry matter basis) for Experiment 1 are 


presented in Tables 13 and 14. Dietary copper increased (P < 0.05) 
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the levels of copper in the liver. Liver copper concentration for 
pigs receiving no supplemental copper averaged 17.8 ppm, while the 
liver copper stores for those receiving 125 ppm copper averaged 
99 ppm which was significantly (P < 0.05) lower than the mean of 
378.9 ppm for pigs fed 200 ppm dietary copper. Bass et al. (1956), 
Allen et al. (1958), Young et al. (1970) and Kline et al. (1972) 
have reported levels of 1260, 887.5, 252.7 and 114 ppm copper on a 
dry matter basis respectively in livers of pigs fed 250 ppm copper. 

A non-significantly lower mean of 81.9 ppm for copper in the 
liver was obtained for pigs fed 125 ppm dietary copper to 40 kg 
liveweight compared with the mean of 99.0 ppm when the same amount 
of supplementary copper was fed to market weight. The liver 
copper stores of pigs fed 200 ppm dietary copper to 40 kg 
liveweight was significantly (P < 0.05) lower than those that 
received the same amount of dietary copper to market (262.3 ppm 
versus 378.9 ppm). This result agrees with the findings of Lucas 
and Calder (1957) that removal of copper from the diet well in 
advance of market weight lowers copper levels stored in the liver 
compared with animals fed copper to market fe aha However, in 
the present study copper levels in the livers of animals where 
supplemental copper was removed at 40 ka liveweight were still much 
higher than the levels of the control animals receiving the basal 
diet. 

Addition of a combination of iron and manganese to diets 


containing 200 ppm copper did not offer any sianificant protection 
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Table 13: EXPERIMENT 1. EFFECTS OF DIETARY COPPER ON TISSUE 
CORPER LEVERS ©?2 


Copper Levels (ppm) 


S auutennemnahenetnaeeetnena teal 


0 125-40kg 125 200-40kg 200 


Number of pigs 12 1 12 12 12 
Liver 18.7a 83.8b 100.1b 266.0c 385.3d 
Kidney | 11.7a 7337b%§ 84,3b_ 89.4c 105.2d 
Muscle3 3.9." 848 4.2 4.0 4.2 
Fat" | Tae? 182 bel lee ie3 


1 This table does not include data from treatments 6, 7, 18 
and 19 receiving iron and manganese supplements. 


2 Dry matter basis 
3 Longissimus dorsi from 7th and 8th rib of the left side. 
* Backfat. 


a, b, c, d Values in each row with a common letter or 
no letter are not significantly different (P < 0.05) 
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against accumulation of copper in the liver. Copper levels in the 
liver of pigs fed additional iron and manganese with copper 
averaged 358.4 ppm while those fed dietary copper without iron 
and manganese averaged 378.9 ppm. Suttle and Mills (1966) and 
Kline et al. (1972) have presented similar results, but Kainski 
et al. (1967) indicated that iron and manganese lowered copper 
concentration in the liver. However, Kainski and coworkers 
employed 573 mg iron/kg feed in their experiment as compared with 
the values of 153 ppm total iron used in this study, 144 ppm and 
118 ppm supplemental iron used by Suttle and Mills in their two 
experiments or 50 ppm dietary iron employed by Kline and coworkers. 
In Experiment 2 (Table 15), the liver copper concentrations 
on a dry matter basis of copper-fed pias were higher (P < 0.05), 
approximately six-fold, for pigs supplemented with 125 ppm copper 
and approximately twelve-fold for pigs supplemented rate 200 ppm 
copper as compared with livers from unsupplemented pias. These 
results follow the same general pattern as in Experiment 1. 
Adding 200 ppm zinc to the diet already containing 50 ppm zinc in 
addition to 200 ppm copper tended to reduce the liver copper 
stores of pigs, but the difference was not significantly (P < 0.05) 
different from those receiving 200 ppm copper without dietary 
zinc (259.9 ppm versus 312.8 ppm). Barber et al. (196N) reduced 
liver copper concentration of pias fed 250 ppm copper from 836 ppm 
to 332 ppm on a dry matter basis by feeding an additional 250 ppm 


zinc. Similarly, DeGoey et al. (1971) decreased copper stores 
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of pigs fed 250 ppm copper from 466 ppm to 175 ppm on a moisture- 
-free basis by feeding an additional 100 ppm each of zinc and 


iron: 


(b) Kidney ad 

In Experiment 1, feeding either 125 ppm or 200 ppm dietary 
copper significantly (P < 0.05) increased kidney copper levels as 
compared with kidneys from unsupplemented pigs (Tables 13 and 14). 
Similarly, kidney copper stores of pigs fed 200 ppm copper were 
significantly (P < 0.05) higher than those fed 125 ppm copper. 

The kidney copper concentration was non-significantly lowered by 
terminating 125 ppm copper supplementation at 40 kg liveweight as 
compared with feeding the same copper level to market weiaht. The 
mean of 87.3 ppm kidney copper concentration for pias fed 200 ppm 
copper to 40 kg liveweiaht was significantly (P < 0.05) lower than 
the mean of 104.2 ppm for pigs fed 200 ppm to market (Table 14). 

In Experiment 2 (Table 15), there was a four-fold increase in 
kidney copper levels of pias fed 125 ppm copper and eight-fold 
increase for those receiving 200 ppm copper as compared with kidneys 
from unsupplemented pigs. These results follow the same general 
pattern as those from Experiment 1 and of some other reports 
(Hanrahan and O'Grady, 1968; Castell and Bowland, 1968b). In the 
present study, inclusion of 200 ppm additional zinc in a diet 
supplemented with 200 ppm copper resulted in a significant (P. <.0.05) 


decrease in kidney copper concentrations when compared with kidneys 
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from pigs receiving 200 ppm copper without zinc. This result 
suggests that when pigs are fed hiah copper levels, both liver 
and kidney can obtain some protection against high copper 


accumulation if high levels of zinc are fed. 


(c) Muscle 

In both experiments, there was no difference (P < 0.05) in 
muscle copper levels (dry matter basis) for copper-fed pigs and 
basal pigs. In Experiment 1 (Table 14), the average muscle copper 
concentration for pigs receiving copper at either 125 ppm or 200 ppm 
level, fed either to 40 kq liveweicht or market weight was 4.1 ppm 
compared with the level of 4.0 ppm for the basal pias. In Experiment 
2 (Table 15), pigs receiving 200 ppm copper with or without zinc 
supplementation averaged 3.5 ppm copper in their muscle while a mean 
of 3.7 ppm was obtained for pigs fed 125 ppm dietary copper. Basal 
pigs averaged 3.4 ppm. Investigating the effect of feeding 250 ppm 
dietary copper on the copper concentration of lonaissimus dorsi 
muscle, Taylor and Thomke (1964) found no difference between samples 
from basal and copper-fed pigs. In contrast, Bunch et al. (1961) 
reported an increase on a dry matter basis from 5.0 ppm to 16.0 ppm 
in the copper concentration in the loin muscle when 250 ppm 
Supplementary copper was fed. Barber et al. (1961) reported that 
the copper concentration of the psoas muscle (dry matter basis) 
increased from 3.0 ppm to 5.0 ppm when the diet was supplemented with 


250 ppm of copper. Castell and Bowland (1968b) reported a non- 
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-significant decline in copper concentration of muscle from 4.8 ppm 
to 2.4 ppm on a dry matter basis by feeding 250 ppm supplementary 


copper to growing pias. 


(d) Fat 

There was no significant difference between copper levels in the 
fat of copper-fed pigs and those fed basal diets. In Experiment 1, 
pigs receiving copper at either 200 ppm fed to 40 kq liveweight or 
narket weight and pigs receiving basal diets averaged 1.2 ppm copper 
on a dry matter basis in their backfat. Similar results were 
obtained in Experiment 2, where basal pigs averaged 1.3 ppm while 


copper supplemented pigs averaged 1.2 ppm copper in backfat. 


(e) Effects of Protein Source 

SBM or RSM or a combination of the two protein sources did not 
seem to have any influence on the ability of liver, kidney, muscle 
or fat to store copper. Similar to this finding is the report of 
Suttle and Mills (1966) who did not observe any alteration in copper 
metabolism due to the use of white-fish meal, dry skim milk or 
epiakbotn meal as the source of supplemental protein for pigs fed 


250 ppm copper. 


(f) Effects of Sex 
There was no difference in the copper concentration of liver, 
kidney, muscle or fat of barrows and gilts. There are no published 


studies indicating whether or not gilts and barrows store copper 


differently. 
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FATTY ACID COMPOSITION 


(a) Effects of Copper 

To facilitate presentation of the data, the sum of the 
saturated fatty acids (SFA) (14:0 + 16:0 + 18:0) and the sum of the 
unsaturated fatty acids (UFA) (16:1 + 18:1 + 18:2 + 18:3 + 20:1) 
were obtained (Tables 16, 17 and 18). Neither linolenic (18:3) nor 
gadoleic acid (20:1) was detected in Experiment 2. Together, the 
sum of both the SFA and the UFA represented greater than 98 percent 
of the fatty acids. 

In both experiments, there was a numerically greater percentage 
(non-significantly different) of UFA for pias receiving the copper 
supplemented diet compared with those fed basal diets. 

In Experiment 1 (Table 16), there was a significantly (P < 0.05) 
greater amount of 16:1 in depot fat when 125 ppm copper was fee to 
market weight or when 200 ppm copper was fed to either 40 kg 
liveweight or market weight compared with basal pigs. In Experiment 
2 (Table 18), there was no difference in the level of 16:1 in the 
depot fat of pigs fed basal or copper-supplemented diets. It is not 
apparent why the pigs differed between experiments in relation to 
the influence of dietary copper on levels of 16:1 fatty acid in the 
fat. In both experiments, penne supplementation resulted in 
increased percentages of 18:1 in depot fat. In Experiment 1, the 
anenats increased non-significantly with increase in level of copper 
supplementation and with length of time for which copper was fed. 


In Experiment 2, copper supplementation resulted in a significant 
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Number of pigs 


Fatty acids 
#1470 
16:0 
16:1 
18:0 
18:1 
1ez2 
185.334 *2021 
x Saturated 


x Unsaturated 


77 


PERCENT FATTY ACID COMPOSITION OF DEPOT 


FAT OF PIGS FED COPPER, IRON AND 
MANGANESE SUPPLEMENTED DIETS! 


Copper Levels (ppm) 


125-40kg 125 200-40kg 200 0+Fet+Mn 


4 LPs: 1.8 / i6 Led 
poeeeo.Q Gzely 24.8 824.50 2247 
soci mo. ODE oe 200 Wis CUC ms O..ODCG. .ceod 


V9) WAG Or AT 2) 46.9.) 48.1 47.5 
ay B20 Gao 828 ol 8.0 
<[Dee leche ere cose ails OD gree Sbie gilc.7 D 
DR La) (SD SORES 128 BST, Oe EST. 2 
ee 7) On eh OU tee Os SaaiO 1 Sit A616 


1 This table does not include data from treatments 


8, 9, 10, 11 and 12 receiving the combination 
of SBM + RSM protein supplements. 


a, b, c Values in each row with a common letter 
or no letter are not significantly different 


(Pa<m0.05). 


200+ 
Fe+Mn 
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1.6 
24.3 
4.4c 


-8a 13.9a 12.5ab 11.2b 10.9b 12.6ab 10.1b 
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36.0 

63:0 


TOT TO MOITISOMRD OLA: WPT F 
CMa: Monte, IANS CF ALT oe Fees 
pears Oe cle 
ataid@ tat waht sige! _ pu 


tr Cree 
ry 7 i 
hada) ef sued "Ege. * SRN at kane om 
este + sence cab ns 


rn ' i sep ‘ - — 


stays aie CAS offi (BS. hh Oo ? a 


bt Ret a ee a ee 
Te ee ee eee eee eee er 
Toe ae ee ee ce ee ee 
ACD aWAST  aO,OR aS 10 dnd coh aber gE |, 
a oe eee a 
Oe 618 8k Be A ee ee 
Pe te ee ee ee 
C2. SE 00.0 Oe .0:8e. TA ae on 


Ms 


a ee ee 88 


\ 
‘ 


6273 mort stab abs Tein? 
an 26n tdinod 7 tart a 


78 


9°19 o. 
V8 8°8E 
8°9 G°9 
€- 08 L’6v 
E-Ok VOL 
Gy = #0S 
6 Sc~ -x9 -9¢ 
ool oat 
ve v2 
e| W 
Xas 


eg 
G ge 
Ged 
Ge0S 
ESOL 
8°L 
v29¢ 
Sel 


ot 


WSU 


GOO > d 2e JUaUasZsLpP ALQuedLyLUBLs » 


"(G0°'O > d) quUadayyLp ALQuedtsLuBLs you sue 
432791 OU UZLM UO UagQaL_ UOWWOD e YZLM MOA Yes UL SaNLeA q Se 


VL 
Bets 
Lg 
L* 6? 
GeO 
Gas 
Ca9¢ 
OL 


9L 


WSYt+WdS 


Gato 
8° 8E 
Lad 
8° 6t 
3°OL 
Lv 
c 9¢ 
8° L 


gt 


WdS 


9IUNOS ULIPOUd 


fle v 19 lace 9°08 poyeunzesuf) x 
o oe yest, 6° LE 7° 6€ pazeunzes x 
oa ae 6°9 ee é-8l 
Gy'0S 4€°0S 9l°0S~ &2 oF L:8l 
sei Ee Oe > Od 9° Ot 0:81 
Lov, L’t es) 8° L:9L 

| 9¢ ¢ 9¢ 8°S¢ 6°9¢ 0:91 
Bt bel 8° L 621 O-vl 


sproy 43324 


ZL A ZL ZL sBid JO uaquny 
002 0 0 0 UZ 
002 002 GZL 0 ng 


(wdd) S,aAaq] duLZ pue uaddog 


LW4 LOddd JNIDUOd JO NOILISOdWOD GIOW ALLW4 LNSIdAd 


JHL NO X3S ANY J0YNOS NIFLONd SONIZ GNV YaddOD AYVLAIC 40 Sld3d44a 0 *¢ INAWINSdXS 38h PLqeL 


” 


SAT? ; Hd Yo 2raavaa © j 
ico aisk Yriaa Tas 


re 


: idl ae vo os aes j —_ _— Porat ee —— 
/ : = ae Sat en een ae a 
ive =e, ae ar i 
fy e + é - - . < <a 7 _ nas oe a Or! A , a. ‘ : 7 =e | “ 
- é a Ber: i 7 = = - a - - be 
—— i vee = a = = 
7 


ga Aue Bote —* at tiga) penta bis 19600 se 


= <a ie ea: 9 nme sepia “—c » ee I 


i = ae : : oe a : x 7 - 7 i — a 
7 Fy; - se a eeteti - GOS “fa a c= “8 
: oe, oe: fen wend - ae oa | z _e 
a ns ae 7 - 


5g <s.. --— ZF aE <4 Ft mj a 


" = ue ; a BOE + - bate: 262 ze, _ 
(So ~ Cee basettiaeenys: --.. 


ae 


ae! eee 


US 


(P < 0.05) increase of 18:1 in depot fat. 

The percent composition of 18:2 was also increased by copper 
in Experiment 1, but not in Experiment 2. The proportions of 18:3 
and 20:1 were not affected by dietary copper. 

Tron and manganese supplements in Experiment 1 resulted in no 
change in fatty acid composition of depot fat compared with that of 
pigs receiving the same levels of dietary copper without iron or 
manganese supplements. Supplemental zinc in addition to copper did 
not influence depot fat composition in Experiment 2. 

There are three possible means by which a depot fat can be 
softened: by an increase in the proportion of UFA present; by an 
increase in the proportion of short chain fatty acids present; or 
by changes in the structure of the component triglycerides. The 
results of these experiments indicate that copper supplementation 
of the diet ait the depot fat of pigs by increasing the 
proportion of UFA, notably 18:1 present therein. Previous experiments 
at The University of Alberta (Bowland and Castell, 1964; Elliot and 
Bowland, 1968, 1969, 1970; and Myres and Bowland, 1972) support the 
observation that copper supplementation softens depot fat in pigs 
and that the reason for the softening is associated with the 
proportions of UFA and SFA present in the fat. 

Taylor and Thomke (1964) have suggested that high levels of 
dietary copper could: influence the absorption of dietary fat 
components; influence the mobilization from or deposition of fatty 


acids in the depot fat; or that copper stored in the liver might 
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interfere with endogenous fat metabolism. This study does not 
reveal the mode of action of copper in fat metabolism. 

An increase in linoleic acid (18:2) in the depot fat of copper 
supplemented pigs was observed in Experiment 1. Elliot and Bowland 
(1970) and Myres and Bowland (1972) also observed a similar increase 
in 18:2. Linoleic acid is an essential fatty acid generally not 
considered to be synthesized by the pig and therefore required in 
the diet, althouch Babatunde et al. (1968) have indicated that there 
appeared to be a net synthesis of this acid. Increases in the 
proportion of 18:2 in the backfat of pigs would tend to indicate 
that the effect of copper on fat metabolism may be one of either 
promoting preferential deposition of unsaturated fatty acids in the 
depot fat or, conversely, preventing mobilization of unsaturated 
fatty acid from the depot fat once deposited, as suggested by Taylor 
and Thomke (1964). This study, however, does not reveal the specific 
effects of copper on backfat composition of pigs. In general, the 
results of this investigation agree very closely with those reported 
by Elliot and Bowland (1970) and Myres and Bowland (1972) for 


barley-fishmeal diets. 


(b) Effects of Dietary Protein 

The total UFA in the depot fat of pigs receiving the three 
different protein supplements did not differ significantly (P < 0.05). 
In Experiment 1 (Table 16), the percent composition of the individual 


UFA: 16:1, 18:1 and 18:2 increased slightly in RSM or RSM + SBM fed 
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pigs compared with those fed SBM. The increase in the proportion 

of 18:3 + 20:1 was significantly (P < 0.05) different amongst the 
three protein sources: 1.4%, 1.7% and 1.9% for SBM, RSM + SBM and 
RSM, respectively. Experiment 2 (Table 18), did not show any 
specific trend in the proportions of individual UFA as regards the 
three protein sources. Experiment 1 of this study seems to indicate 
that RSM diets may result in softer depot fat than SBM diets when 
fed to pias but this was not supported by Experiment 2. The 
different sources of RSM used in the two studies could be the 


explanation for these differences. 


ic) Effects of Sex 

In Experiment 1 (Table 16), the depot fat of barrows contained 
lesser (P < 0.05) amounts of UFA and greater (P < 0.05) amounts of 
‘SFA than did that of gilts. This result supports similar findings 
by Friend and Cunningham (1967) and Elliot and Bowland (1970). The 
individual SFA, notably 16:0 and 18:0, were significantly (P < 0.05) 
higher for barrows than gilts, while the individual UFA, 16:1 and 
18:2, were correspondingly higher (P < 0.95) for gilts than barrows. 

| In Experiment 2 (Table 18), the percent composition of the 

depot fat of gilts contained non-sianificantly (P < 0.05) higher 
amounts of UFA. 16:0 was significantly (P < 0.05) higher for 


barrows, while 18:1 and 18:2 were non-significantly (P < 0.05) 


higher for gilts. 
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GENERAL DISCUSSION 


The responses to supplemental copper for pigs obtained in 
these experiments were similar to those reported in the literature. 
Because of the variations encountered, the results can be discussed 
only as indicative of trends rather than presenting conclusive 
evidence for proposed metabolic roles of supplementary copper. 

One of the predominant effects observed during the studies was 
an improvement in rate of gain obtained by feeding 200 ppm copper 
and the increased efficiency in feed utilization from the addition 
of copper. Several research workers have reported a similar 
effect, notably Lucas et al. (1961), Lucas et al. (1962) and 
Kline et al. (1972). The present studies indicate an advantage 
in leaving copper in the diet to market weight and in feeding 
200 ppm copper as compared with a level of 125 ppm. This finding 
is consistent with the suggestion of Hawbaker et al. (1961) that 
the action of supplementary copper could be a result of its 
effect on gut flora. Based on the digestion studies in Experiment 
2, dietary copper increased protein and energy utilization, a 


finding which is still consistent with the suggestions of Hawbaker 


and coworkers. 
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The apparent beneficial growth effects of copper were lost by 
feeding 250 ppm zinc with 200 ppm copper in comparison with 50 ppm 
zinc and 200 ppm copper. This could be due to an antagonism 
resulting from competition between the two minerals for site of 
absorption and action as previously suggested by Starcher (1969). 
The antagonism of zinc on copper is further demonstrated by the 
effects of zinc on liver and kidney copper concentrations. Whether 
such antagonism is enteric, systemic or both is not revealed by 
this study. 

The carcass data indicate that a considerable improvement in 
carcass quality was brought about by copper supplementation. The 
consistent increase in area of loin may be related to increased 
NR by copper-fed pias. Lesser backfat thickness may be due to the © 
action of copper in facilitating the metabolism of mobilized fat 
thereby reducing the rate of re-deposition. This aspect of the work 
requires further study. 

The lipid analyses show that dietary copper increases the 
percent composition of UFA. This observed change could result from 
the alteration of known metabolic pathways for the endogenous 
synthesis of fatty acids. The apparent increase of 18:2 resulting 
from dietary copper in the first experiment may be, in fact, an 
increase in the 18:2 A 6, 9 unsaturated fatty acid which animals 
can synthesize rather than an increase in the 18:2 A 9, 12 
unsaturated 18 carbon acid considered essential. This was previously 


suggested by Elliot and Bowland (1970). 
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The use of RSM that contained normal glucosinolate levels as 
a protein source in pig diets (Experiment 2) caused a reasonably 
large depression in growth (significant at P < 0.10) which differed 
from the results obtained from feeding low alucosinolate RSM. 
Glucosinolates may be implicated in depressed protein utilization 
resulting in depressed growth. The glucosinolate content of RSM 
has been one of the factors limiting the most efficient utilization 
of RSM by livestock. Genotypes of rape have been found which contain 
very low levels of glucosinolate in the seed and emphasis is being 
given in plant breeding programs to develop these strains and 
varieties for commercial use. (Rapeseed Association of Canada, 1972). 

The research reported herein has many practical implications. 
Most research, including this study, designed to evaluate copper as 
growth promotant, has indicated that copper supplementation of the 
diet improves rate of gain and efficiency of feed conversion and 
results in pigs going to market at a younger age and at lower cost 
per unit of gain. The economic advantage of this to the farmer is 
further enhanced by the improved carcass quality of such copper-fed 
pigs, which includes higher dressing percentage, lesser backfat and 
Jarcer loin area. 

High level copper feeding has not been accepted bv the Health 
Protection Branch, Denartment of National Health and Welfare, Canada 
or the Food and Drug Administration in the U.S.A.; one of the reasons 
being that high levels of copper fed over a lona period of time may 


alter the bacterial population in lagoons so that proper oxidation 
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does not take place. The fecal material when spread may also add 
rather large quantities of copper to the soil. Although these 
considerations are of potential concern, there appears to be no 
published data to support the possibility that dietary copper poses 
a problem in these areas. It is, however, an area that should be 
researched. 

Koch et al. (1968), have suggested that since the composition 
of porcine depot fats can easily be altered by dietary means, they 
could serve as a potential source of unsaturated fat in the human 
diet for the reduction of serum cholesterol levels. Based on the 
results presented herein, copper supplementation of pig diets as we 
as the use of a low glucosinolate RSM as a protein supplement for 
growing pigs, could offer a partial alternative to the use of 
highly unsaturated vegetable fats in the human diet. © 

On the other hand, lipid composition may be an important facto 
in meat quality and in the keeping characteristics of meat. Fats 
containing relatively high proportions of unsaturated fatty acids 
are subject to oxidation, the end products of which result in 
undesirable odors and flavors in the product with which the fat 
is associated. Therefore, dietary treatments such as copper 
supplementation or the use of low glucosinolate RSM, which increase 
the proportion of unsaturated fatty acids present in the depot fat, 
could result in adverse effects on the storage life of pork. 

High copper concentrations were obtained in the livers 


and kidneys of the copper-fed pigs. Sheep livers normally 
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contain copper levels as high as those obtained for the livers 
from copper-supplemented pigs. Wynne and McClymont (1955) and 
Kline et al. (1971) obtained 306 and 769 ppm copper on a dry matter 
basis respectively for livers of sheep fed diets unsupplemented 
with copper as compared with the value of 77 ppm copper obtained by 
Kline and coworkers for livers of pigs fed 200 ppm copper in the 
same study or the high of 378.9 ppm copper of dry tissue obtained 
for livers of pigs fed 200 ppm copper in studies reported herein. 
Moreover, it is unlikely that hog liver and kidney will constitute 
a sufficiently large proportion of human diets to markedly influence 
copper intake. The muscle and fat tissues, which form a major 
component of human diets, were not increased in copper level by 
supplemental dietary copper. 

Further research is required before the practical effects of 
copper supplementation and/or the use of RSM in swine diets on 
carcass quality and fatty acid composition of porcine depot fat 


can be fully elucidated. 
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GENERAL SUMMARY 


Responses of pias to inclusion of copper sulfate to supply 
125 or 200 ppm copper in the feed were studied under conditions 
involving withdrawal of copper at “40 ka liveweight or continuous 
copper supplementation to market weight, feedina additional 
dietary manganese and iron in one experiment and inclusion of 
200 ppm dietary zine in another experiment. In both experiments, 
diets were supplemented with either soybean meal (SBM), rapeseed 
meal (RSM) or a combination of SBM and RSM. In Experiment 1, low 
glucosinolate RSM from B. napus, cultivar Bronowski was used, while 
a RSM from B. campestris cultivar Span was used in the second 
experiment. 

Data from these studies indicate that pene is an advantage in 
feeding 200 ppm rather than 125 ppm dietary copper and in retaining 
the 200 ppm copper to market weight rather than terminating 
supplementation at 40 kg liveweight. There was no apparent benefit 
from additional supplemental iron or manganese (41 and 81 ppm 
respectively). All diets contained 37 ppm manganese and 112 ppm 
iron. Supplemental zinc at a level of 250 ppm did not prove 


beneficial in increasina rate of growth compared with diets containing 
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90 ppm zinc but did reduce the liver and kidney copper stores. 

From results of digestibility trials during the rearing 
period it can be suggested that pigs fed 200 ppm supplementary 
copper were utilizing their diet more efficiently than any other 
treatment group. 

Carcass data suggest that dressing percentage, area of Join 
and lean in the ham face were increased and backfat thickness was 
reduced by copper supplementation of the diet, resulting in an 
overall improvement in carcass quality. 

Lipid analyses indicated that copper feeding resulted in a 
decreased percentage of saturated fatty acids (SFA) and an 
increased percentage of unsaturated fatty acids (UFA) in the depot 
fat. The decrease in the proportion of SFA resulted from decrease 
in weight percent of 16:0 present in the depot fat, while increases 
in weight percent of 18:1 and 18:2 in the depot Peweconicd for 
the increase in the proportion of UFA. 

Comparison between the protein sources indicated that a low 
glucosinolate RSM could replace SBM on an equivalent protein and 
energy basis. The standard RSM depressed growth and was inferior 
to SBM as a protein supplement for pig diets. Carcass quality was 
not significantly different when either SBM or RSM were fed, 
although RSM apparently improved carcass quality, increased the 
percent composition of UFA and decreased the percent composition of 


SFA in backfat. 
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